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ABSTRACT
An investigation was initiated to determine the content and 
distribution of total and DTPA-extractable Zn, Fe, Mn, and Cu in 
the genetic horizons of 72 selected agriculturally important soil 
profiles from six major mineral soil areas in Louisiana.
Total micronutrient cation contents were determined on air- 
dried soil samples using redistilled concentrated acids. A DTPA- 
TEA extracting solution adjusted to pH 7.30 with HC1 was used to 
evaluate the extractable micronutrient cation status of the soils.
The concentration of the total micronutrient cations appeared 
to vary more with the clay constituents of the soils and the amounts 
of the elements found in the parent materials than with soil depth. 
The majority of the soils had an accumulation of total Zn, Fe, Mn, 
and Cu in the B horizons, however, in the clay soils, the total 
micronutrient cations were concentrated in the surface horizons. 
Total Fe was the most abundant micronutrient cation found, followed 
by Mn, Zn, and Cu. The total Fe to Mn ratio for all of the soils 
was approximately 40:1. The total Zn to Cu ratio was approximately 
2.5:1. The total Cu content of the soils was more uniformly 
distributed in the soil profiles than was the total Zn, Fe, and Mn. 
Total Zn, Fe, Mn, and Cu in the soils ranged from 7 to 150, 2300 to 
52,000, 25 to 2,229, and 3 to 49 ppm, respectively.
In most of the soil profiles, the highest concentrations of 
the DTPA-extractable micronutrient cations were found in the surface 
horizons. There was a general decrease in extractable Zn, Fe, Mn,
xviii
and Cu with increasing soil depth. The decrease was more pronounced 
for the extractable Fe and Mn than for the extractable Zn and Cu.
The alluvial soils along the Ouachita and Mississippi Rivers were 
found to contain relatively large amounts of the extractable micro­
nutrient cations. The Red River alluvial soils contained the lowest 
contents of extractable Fe and Mn, but were relatively high in 
extractable Cu. Extractable Zn was relatively high in some of the 
soils in the Ouachita and Mississippi River alluvial areas and the 
Mississippi Terraces area. The DTPA-extractable Zn, Fe, Mn, and Cu 
concentrations in all of the soils ranged from 0.08 to 4.22, 1.7 
to 192.7, 0.2 to 103.0, and 0.10 to 5.12 ppm, respectively.
Extractable Zn was highly correlated with organic matter con­
tent in the majority of soils. There was also a close relationship 
between extractable Zn and total Zn in the surface Ap horizons. 
Extractable Fe and Mn were more closely related to soil pH than to 
total Fe, Mn or organic matter content. Extractable Cu was 
positively correlated with soil organic matter in the Ap horizons.
INTRODUCTION
Micronutrient deficencies are world-wide problems which have 
been receiving increasing attention in both tropical and temperate 
climates in recent years. Beeson (1957) reported that micronutrient 
deficiencies occur in most of the agricultural areas in the United 
States. The extent and nature of these deficiencies vary with soils, 
crops, and past history. A summary of four micronutrient surveys 
conducted by the U.S.D.A. between the years 1961 and 1967 revealed 
that one or more of the micronutrient elements Zn, Fe, Mn, and Cu, 
are recommended in every state. Sixteen states recognize and make 
recommendations for Cu, 23 for Fe, 31 for Mn, and 39 for Zn. Most of 
the soils in the United States contain sizeable total quantities of 
the micronutrients. However, their availability to plants has under­
gone change due to man's use of the soil. As soils are limed, 
fertilized, and cropped, the availability and uptake of the micro­
nutrients will be affected.
The need for micronutrient fertilizers on Louisiana crops has 
been a growing concern among researchers. Instances of Zn deficiency 
have been recognized on rice and corn grown on certain soils in the 
state. Manganese and Fe deficiencies on agronomic crops .have been 
reported in the state of Louisiana. There are no known cases of Cu 
deficiency in Louisiana, probably because research on this element 
has been very limited.
As cropping becomes more intensive and growers strive for higher 
yields, it is anticipated that Zn and other micronutrients deficien­
cies may become more serious problems on certain soils where the total
2
quantities of the micronutrient cations are low.
The heavy metal micronutrient cations required by higher plants 
include Zn, Fe, Mn, and Cu, and their essentiality has been well 
established. Zinc is an essential element in the synthesis of indole 
acetic acid (IAA). Tsui (1948) found that Zn deficiency reduced the 
auxin content of plants by decreasing the synthesis of tryptophan, a 
precursor to IAA. Zinc is the metal component of several metalloen- 
zymes and also acts as a nonspecific cofactor for several enzymes.
Zinc also regulates protein synthesis since it is a component essential 
to the stability of cytoplasmic ribosomes.
Iron has been found to be an activator of enzymes although with 
limited specificity. Many metabolities contain fixed Fe as a part of 
low molecular weight prosthetic groups which are involved in the 
electron transport system in the cytochromes. Iron is also involved 
in the synthesis of a ribonucleic acid which in turn regulates chloro­
phyll synthesis. (Epstein, 1972).
Manganese is known to be an activator of many enzymes especially 
in the Krebs cycle. Manganese is also a prominent component of 
chloroplasts and is involved in reactions leading to O2 evolution 
(Epstein, 1972).
The role of Cu as an essential nutrient was not considered 
until the 1930's, probably because most soils are not deficient in 
this element. Lipman (1931) showed that Cu acts as an oxidation 
catalyst in soil to make other elements available, and it may have 
a function in chlorophyll formation. Copper is very important in the 
activity of certain enzymes.
The micronutrient cations are required in small quantities but
3
if they are in short or excess supply, crop yields and quality are 
severely affected. Although progress has been made in the recog­
nition of micronutrient deficiencies in soils and plants, there is 
a need for a better fundamental understanding of conditions affect­
ing their availability in soils.
In some areas of the state, an association exists between land- 
leveling operations and certain micronutrient deficiencies. On 
land-leveled soils of the Red River alluvium, Coastal Prairies and 
Coastal Plain, Sedberry et al. (1971) reported Zn deficiencies on 
corn, rice and soybeans. In those cases where the surface soils are 
removed, information on the content and profile distribution of the 
micronutrients would be useful in studying and evaluating possible 
deficiencies.
Quantitative data on the content and distribution of the micro­
nutrient cations in Louisiana soils is limited. No study has been 
made of the profile distribution of the total and available contents 
of zn, Pe, Mn and Cu in the soils of the state. The major objective 
of this investigation was to survey the total and DTPA-extractable 
Zn, Fe, Mn, and Cu status of selected soils from each of six major 
mineral soil areas in Louisiana. To achieve this goal, (1) individual 
soil horizons were sampled from twelve different important agri­
cultural soils in each of the six soil areas; (2) the amount and pro­
file distribution of total and DTPA-extractable Zn, Fe, Mn, and Cu, 
were determined; and (3) relationships between the amounts of total 
and extractable Zn, Fe, Mn, and Cu, were evaluated in the soils and 
among horizons of each soils.
REVIEW OF LITERATURE
A. Factors Affecting the Availability of Micronutrient Elements in 
Soils
1• Soil Reaction, pH
Soil reaction, pH is one of the most important chemical 
properties of a soil. The degree of acidity or alkalinity may serve 
as a guide in estimating the availability of the essential micro­
nutrient element cations. Zinc, Fe, Mn, and Cu are generally more 
soluble in acid soils. When a soil becomes extremely acid, toxic 
quantities of certain micronutrient elements have been reported to 
be responsible for poor plant growth (Hesse, 1972).
A number of researchers have studied the effects of soil 
reaction, pH on the availability of micronutrient elements in soils. 
The pH changes in soils are most often affected by additions of 
limestone, sulfur, or nitrogen fertilizer. The addition of lime­
stone usually decreases the availability of Cu, Fe, Mn, and Zn by 
increasing the soil pH, whereas in neutral or alkaline soils sulfur 
or nitrogen fertilizer additions normally increases their avail­
ability by lowering the pH.
a. Zinc
One of the first factors to be correlated with Zn 
deficiency in soil was pH. It has been generally observed that Zn 
deficiency usually occurs in field crops grown on calcareous soils 
with high pH, and also on soils that have received heavy or frequent 
application of P fertilizer (Bingham et al., 1956 & 1960; and Ellis
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et al., 1964). Some researchers have reported that soil reaction 
and P have little influence on the availability of Zn in soil 
(Boawn and Legget, 1964, and Seatz et al., 1959). The mechanisms by 
which Zn deficiency in plants is produced are not fully understood. 
Common given explanations are the formation of zinc hydroxides and 
zinc phosphates in soils.
Melton et al. (1973) reported that the diffusion of Zn in an
acid Nacogdoches soil was much greater than in a calcareous Norwood
soil. At the natural soil pH of 6.0 the diffusion value of Zn was 
-11 919.9x10 cm^/sec. when no Zn was applied, but increased 100-fold 
when 20 ppm Zn was applied. When the soil pH was increased to 7.2 
and 7.9 by the additions of Ca(OH)2 > the addition of Zn did not 
significantly influence the Zn diffusion coefficients. They con­
cluded that the very high diffusion coefficients for Zn at pH 6.0 
in the Nacogdoches soil was an indication why Zn deficiencies seldom 
occur in acid soils.
Apparently Zn is relatively soluble in acid soils and is free 
to diffuse, however, as the pH is increased by liming or if a soil 
has a naturally high pH, Zn may be precipitated as Zn(0H)2 or 
ZnC0 3 * The fact that Zn deficiencies usually occur in soils which 
have a pH greater than 7.0 suggests that the formation of insoluble 
reaction products at high pH is limiting diffusion to the roots by 
limiting the concentration of Zn in the soil solution.
Seatz and Jurinak (1957) reported that Zn availability is at a 
minimum when the range in the soil pH is between 5.5 and 7.0. How­
ever, Camp (1945) reported that the critical pH range for Zn
availability in soils is between 5.5 and 6.5. He also suggested 
that in alkaline soils the formation of a negatively charged zincate 
complex may be a significant factor that contributes to reduced Zn 
availability.
b. Iron
It has long been recognized that the degree of acidity is 
an important factor that controls the solubility of Fe in soils.
Iron deficiencies have frequently been reported for crops grown on 
alkaline or calcareous soils. Hem (1960) found that an increase in 
pH resulted in a decrease in the concentrations of Fe and Mn in the 
soil solution. The activity of Fe increases as soil acidity in­
creases .
Ponnamperuma (1964) found that for each 0.5 unit pH change 
there was a 10-fold difference in Fe concentration in the soil 
solution. He further states that rice plants may become Fe de­
ficient at pH values higher than 7.5 because of a low concentration
I |of Fe ion in the soil solution, as well as the formation of in­
soluble Fe(0 H ) 2 in the rice roots.
c . Manganese
Manganese is more available to plants in soils of low pH 
than in soils of high pH. Page (1962) reported that Mn extract- 
ability is markedly dependent on pH, and that soil pH is commonly 
used as a variable in regression equations to predict soil Mn 
availability. As the soil pH increases Mn tends to be oxidized, 
whereas an increase in soil acidity favors its reduction. Despite 
overwhelming evidence of the inverse relationship between Mn
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availability and soil pH, attempts to establish a clear relation 
between pH and Mn extractability has been limited to exchangeable 
and water soluble Mn (Page, 1962; Morris, 1948; and Hientze, 1946).
Browman et al. (1970) found that an inverse relationship 
existed between DTPA-extractable Mn and soil reaction. Their 
results are in agreement with Page's hypothesis that Mn becomes 
unavailable with increasing pH resulting in the formation of 
manganous complexes with soil organic matter.
Shuman and Anderson (1974) conducted a study to evaluate 
DTPA-extractants for the relationship of soil Mn to Mn concentra­
tions in wheat and soybeans over three soil pH levels of 4.8, 5.8, 
and 6.8. They concluded that at pH 5.8 and 6.8 DTPA gave the best 
measure of plant available Mn in acid southeastern soils. They 
also found that the three soil pH levels caused greater changes in 
Mn concentrations than did the Mn treatments, and that by increasing 
the soil pH the Mn concentrations in both crops were significantly 
reduced.
Follet and Lindsay (1971) conducted an investigation to 
determine the behavior of Mn fertilizers at different soil pH values. 
They found that in acid soils Mn remained available for several 
years, whereas in neutral or alkaline soils the residual value was 
less. Christenson et al. (1950) found that liming a soil from pH
4.6 to 6.5 decreased the exchangeable Mn 20 to 50 times.
White et al. (1970) reported that the uptake of Mn was related 
to soil reaction. They reported a marked decrease in Mn uptake by 
plants at pH 6.4 or higher. Plant concentration of 4,440 ppm Mn
at pH 5.0 was reduced to 592 ppm by adjusting the soil reaction to 
pH 6.4. Toth and Romney (1954) measured the easily reducible and 
exchangeable Mn in soils. With respect to soil pH and plant uptake, 
they found that the largest decrease in Mn uptake occurred from pH
4.6 to 5.8.
d. Copper
The uptake of Cu by plants is only slightly influenced by 
soil pH. In many cases such as the studies of Piper and Beckwith 
(1949), no differences in Cu uptake by plants was observed with 
variations in soil reaction. Lucas (1946) stated that the avail­
ability of Cu is dependent upon pH but it does not normally in­
crease appreciably until the pH falls below 5.0. Working with a 
very acid organic soil that received various rates of lime, Lucas 
obtained the least response in sudangrass at the soil pH of 5.5. 
Marked response was obtained at soil pH levels above 7.0 and below 
4.5.
Peech (1941) studied the influence of soil reaction on 
extractable Cu and found that the quantity of Cu extracted from a 
Norfolk fine sand with N NaCl decreased as the soil pH was increased 
from 3.1 to 8.0. Hamer (1945) reported that greater response to Cu 
was obtained on organic soils with naturally low pH than on slightly 
acid mineral soils.
Blevins and Massey (1959), working with 34 Kentucky soils in 
pot experiments failed to show a significant correlation between Cu 
uptake by millet and soil reaction. Neelakantan and Mehta (1961) 
found a significant negative correlation between pH and Cu extracted
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with normal Ammonium acetate solution on 64 western Indiana soils. 
Patterson (1963) studied the effect of soil pH and Cu application
on the yield and chemical composition of wheat grown on a soil with
20 percent organic matter. He found that the application of lime­
stone to the soil reduced the yield of wheat by increasing the soil
reaction and reducing the uptake of Cu by the plant.
Truog (1946) constructed a chart which showed that Cu was 
readily available in soils between pH 5.0 and 7.0. However, Lucas 
and Davis (1961) reported that more favorable influence on Cu avail­
ability was obtained between pH 5.5 and 6.0.
2. Organic Matter
Many researchers agree that the presence of organic matter in 
soils may promote the availability of certain micronutrients pre­
sumably by supplying soluble complexing agents that prevent fixation. 
A review of research by Mortensen (1963) has shown that organic 
matter in soils forms complexes with metals by ion-exchange, surface 
adsorption, and chelation reaction mechanisms. Himes and Barber 
(1957), Butler (1957), and Khanna and Stevenson (1962) have also 
demonstrated the ability of organic matter to fix heavy metals in 
soils.
a. Zinc
Under field conditions, Zn deficiencies have been observed 
when organic matter content was considered to be high (Chandler, 
1937). According to DeMumbrum and Jackson (1956), peat may complex 
Zn and Cu by a chelation-type of reaction. Baughman (1965) has 
stated that Zn retained by organic matter is chelated and complexed.
He reported that chelation and complexing of Zn by organic matter 
may be a significant factor in reducing Zn availability in soils.
Tucker and Kurtz (1955) recovered a very small amount of Zn 
which was released when the organic matter in several soils was 
destroyed with hydrogen peroxide. From their findings they con­
cluded that the amount of Zn associated with the soil organic 
matter fraction was small and probably did not influence the avail­
ability of Zn in soils to any great extent. Camp (1945) suggested 
that the relatively higher plant uptake of Zn due to changes in pH 
may result from a complexing effect of soluble organic matter in 
soils.
b. Iron
Iron responds in much the same way as Mn in the presence 
of organic matter in soils, although the effect is not as pronounced. 
Various fractions of soil organic matter have been shown to complex 
and form precipitates with Fe. Several workers have studied the 
dissolution of Fe and Mn in rice soils. Motomura (1962) found that
I Iorganic matter increases the formation of Fe7̂ , whereas nitrate 
salts suppresses its formation.
Meek et al. (1968) conducted studies on the effects of soil on 
the Fe and Mn of organic matter, flooding time, and temperature in 
situ. They found that the addition of organic matter lowered the 
redox potential (Eh) of the soil. High temperature plus organic 




The effect of organic matter on Mn in soils is parti­
cularly pronounced. Hemstock and Low (1953) reported that adsorption 
and complexing of Mn in soils have been attributed to organic matter. 
Higher oxides of Mn do not commonly occur in organic soils, as 
pointed out by Heintze (1957). Page (1962) concluded that changes in 
the availability of Mn with pH are due neither to biological oxi­
dation of Mn nor to the formation of higher oxides of Mn, but result­
ed from the complexing of Mn by organic matter.
Organic matter decomposition and high moisture also favor the 
reduction of Mn in soils. Christensen et al. (1950) reported that 
the decomposition of organic matter in soils at pH 4.6 increases the 
exchangeable Mn about three to four times over soils that were very 
low in organic matter. In an experiment where limestone was applied 
to the soil, they found that the initial concentration of Mn was low, 
but when organic matter was applied to the soil there was an increase 
in the exchangeable Mn.
d. Copper
Many authors reported that soils which are most commonly 
low in available Cu, and fix the greatest quantities of this element 
are organic in nature. Steenbjerg et al. (1948) reported that 
organic soils in Sweden require 20 to 25 ppm Cu, whereas mineral 
soils need only 8  to 10 ppm to eliminate Cu deficiencies in the 
crops studied.
Several investigators (Kanwar, 1954; Misra, 1961; and Tobia 
and Hanna, 1958) have shown that Cu retention by soils was correlated
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with organic matter content and alkalinity. Wei (1959) reported that 
Cu in solution is first adsorbed by soil organic matter until satu­
ration of its cation-exchange capacity, and then it is adsorbed by 
clay minerals.
Jamison (1942) stated that slowly soluble organic Cu compounds 
were responsible for Cu fixation in acid soils. Younts (1964) 
indicated that deficiencies of Cu in the North Carolina Coastal Plain 
were associated largely with soils high in organic matter. Hodgson 
et al. (1965) postulated that most of the Cu in the soil solution is 
complexed with organic matter. Geering and Hodgson (1969) found 
that 96 percent of the Cu in original soil extract was complexed with 
organic matter.
3. Nutrient Interaction, Soil Moisture, Clay Minerals and 
Nitrogen Carrier
It has been suggested that the addition of one nutrient may 
decrease the availability of others in the soil (Watanobe et al., 
1965). Hoeft and Sorensen (1965) examined the effect of the 
addition of Zn to three soils on the concentrations of Zn, Fe, and 
Mn in plants that were grown on those soils. They found that in­
creasing rates of Zn resulted in higher concentrations of Zn in the 
plants, however, Fe and Mn concentrations in the plants were de­
creased, particularly on calcareous soil.
The interaction of P and Zn has been studied in many experi­
ments dating back to 1936 (Barnett et al., 1936; Boawn, Viets, and 
Crawford, 1957; and Thorne, 1957). Usually the interaction is 
designated as a P-induced Zn deficiency. The cause of this type of
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interaction is thought to be due to the formation of insoluble 
Zn3 (PO^ ) 2  in the soil, which reduces the concentration of Zn in the 
soil solution to deficiency levels.
Bingham and Garber (1960) reported that P interaction with Cu 
may result from heavy or prolonged use of P fertilizer. Greenwood 
and Hallsworth (1960) observed that growth of clover in sand culture 
was inhibited by high levels of P at a high Cu level, but the in­
hibition was less when low Cu levels were used.
Knezek and Greinert (1971) applied inorganic and chelated 
forms of Fe and Mn to a Mn deficient Houghton muck soil with a pH 
of 6.5. They reported that the application of Fe-EDTA decreased 
plant growth and Mn uptake, but increased the Fe:Mn ratio in the 
plants. Their data indicated that Mn was rapidly displaced from Mn- 
EDTA by Fe, and that the released Mn was activated as an organic 
complex by the muck soil.
Cheshire et al. (1967) postulated that nutrient interactions 
involving Fe and Cu explain the frequent occurrence of Cu deficiency 
in soils of high organic matter content, rather than chemical fix­
ation of Cu.
In poorly-drained soils, micronutrients are more easily re­
moved than in well-drained soils. Swaine and Mitchell (1960) noted 
that Cu, Mn, Fe, and Zn showed increased mobility in soils that were 
poorly-drained. They reported that in general, imporved soil drainage 
increased the uptake of Zn and Cu, but decreased the uptake of Fe 
and Mn.
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Christensen et al. (1950) studied the status of Mn as in­
fluenced by soil moisture. They found that exchangeable Mn de­
creased as soil moisture was increased. They also showed that 
changing the moisture status in the soil had little or no effect on 
the exchangeable or easily reducible Fe.
The type of clay in soils has some effect on the availability 
of the micronutrient cations by the formation of complexes. DeMum- 
brum and Jackson (1956) demonstrated that Cu and Zn react with 
structural hydroxyls of montmorilIonite, kaolinite, and vermiculite 
clays to form new bonds through a special exchange reaction mechanism. 
This combination resulted in an additional increment in the exchange 
capacity of the clays.
Hibbard (1940) found a greater concentration of Zn on certain 
clays than on coarser soil particles. Lundblad (1949) compared the 
effect of peat and mineral soils on the uptake of Cu by plants and 
reported that higher Cu levels were needed to maintain a normal 
plant level of Cu in the mineral soil. Pesek (1950) reported that 
inorganic colloids could influence the availability of Cu and Zn in 
soils. He stated that clay minerals with higher silica-alumina 
ratio contained less Cu and Zn in solution regardless of the level in 
the soil.
The type of N fertilizer may have an indirect effect on the 
uptake of micronutrient cations by plants through its influence on 
soil reaction, pH. Boawn et al. (1960) studied the effect of N on 
the uptake of Zn by plants. Their results revealed that N appli­
cations to the soil generally increase the uptake of both native and
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applied Zn. Viets et al. (1957) postulated that N increases the 
uptake of some micronutrients by plants either by promoting more 
extensive root development and/or through an acidifying effect on 
the soil.
B. Chemical Extractants Used to Estimate the Availability of 
Micronutrient Cations in Soils
There are various forms by which micronutrients are held in 
soils. Many researchers are concerned mostly with "available” and 
unavailable forms of the elements. Availability refers to the 
readiness with which a small fraction of the total supply of an ion 
moves into plants (Baker, 1964). The availability of an element is 
reflected by its concentration in solution.
There are many chemical extractants that are used in soil tests 
to extract "available” micronutrients. According to Fcllet and 
Lindsay (1970), a successful chemical extractant for evaluating the 
availability of a nutrient for plants, should remove only a portion 
of the element from the soil that either approximates or is pro­
portional to that fraction of the element that plants can obtain from 
the soil.
In recent years the use of chelating agents as soil extractants 
for micronutrient cations has received much attention. Viro (1955) 
found that EDTA (Ethylenediamine tetracetic acid) buffered at pH 9.0 
gave a 90 percent recovery of added Cu and Zn to soils, whereas only 
41 percent recovery of the Zn and 11 percent of the Cu were obtained 
with a neutral N NH^OAc extracting solution. A solution of EDTA and
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(NH^)2 C03  was found to be an excellent extractant for "available” Zn 
in calcareous soils (Trierweiler and Lindsay, 1969). Some investi­
gators have shown that dithizone can be used as a chemical extract­
ant for chelated Zn in soils (Shaw and Dean, 1952). Grewal et al.
(1969) found that 0.02M EDTA was better than either N HC1 or N HNO3  
as an extractant because it removed a portion of the elements from 
the soil that is closely related to the fraction that plants can 
obtain.
In Scotland, Reith (1968) obtained a significant correlation 
between 0.05M EDTA-extractable soil Cu and yield response in both 
field and pot experiments. Wallace and Shannon (1956) applied 
several different chelating agents to an acid soil and to a cal­
careous soil, and later measured the amount of Fe brought into 
solution. They found that EDDHA (Ethylenediamine di-o-hydroxyphenyl- 
acetic acid) and EDTA soil extractants resulted in about twice as 
much Fe in solution in the acid soil than in the calcareous soil.
Shuman and Anderson (1974) conducted an investigation to 
compare the effectiveness of DTPA and EDDHA against H2 0, N NH^OAc, 
pH 7.0, and double acid (0.05 N HC1 + 0.025 N H2 S0 4 ) for evaluating 
the Mn concentrations in wheat and soybean plants grown on soils 
with differing pH levels. They found that for wheat DTPA gave 
consistently good correlations. In considering both crops studied 
they concluded that at pH 5.8 and 6 . 8  DTPA gave the best measure of 
"available" Mn in plants grown on acid southern soils.
Lindsay and Norvell (1969) reported the use of DTPA as a soil 
test extractant for the simultaneous extraction of Zn, Fe, Mn, and Cu
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in soils in Colorado. Lopez and Graham (1970) used a modified 
extraction solution of the DTPA to determine the labile pool of 
Zn, Fe, Mn, and Cu at different pH values.
C. Content and Distribution of Micronutrient Cations in Soils
Goldschmidt (1954), and Rankama and Sahama (1950) have 
discussed the geochemistry of micronutrient elements and their occur­
rence in different kinds of rocks. According to various reports 
even though soil and plant factors greatly affect the availability 
of micronutrients to plants, a micronutrient element problem often 
is due primarily to deficiency or excess of the element in the rocks 
from which the soils of the area are formed.
During soil genesis, micronutrient elements may undergo varied 
chemical and physical modifications that affect both their concen­
tration and distribution in the profile, as well as their avail­
ability to plants. Mitchell (1960) indicated that the total micro­
nutrient element content of a soil depends largely upon the content 
of the element in the parent materials and on the weathering 
processes to which the soil-forming materials were subjected. Hodgon 
(1963) summarized the characteristic distribution of micronutrients 
in a podzolic soil profile. The distribution was presumably deter­
mined by two principal factors. The first was the accumulation of 
raicronutrients at the surface resulting from the deposition of 
organic matter. The second was the leaching of these nutrients 
from the A horizon into the B horizon.
According to Swaine and Mitchell (1960) micronutrients are 
distributed quite uniformly from horizon to horizon in selected 
soil profiles in Scotland. The reason given for this uniformity 
is that a large portion of the micronutrients are present in crys­
tal lattices. There are few reports of variation in micronutrient 
patterns from horizon to horizon in highly weathered soils. 
Generally, there are more variations in extractable than total 
micronutrient contents in soils.
a. Zinc
Swaine (1955) reported that the lithosphere contains 
an average of 80 ppm Zn. However, there are reports which show 
that soils range between 10 and 300 ppm of total Zn. In a study 
of 15 soil profiles of South Carolina, Segars and Woodruff (1972) 
found that the topsoil averaged 1.15 ppm extractable Zn, whereas 
the subsoil averaged only 0.22 ppm. Bishop and MacEarchern (1973) 
found that the ranges for total and EDTA-extractable (Ethylene- 
diamine tetracetic acid) Zn in 69 samples of surface soils in 
Nova Scotia were 14 to 108 and 0.5 to 8.0 ppm, respectively.
Holmes (1943) compiled analyses of a wide range of soils in the 
United States and reported a range of total Zn between 11 and 147 
ppm, with the majority falling between 50 and 100 ppm. Alben and 
Boggs (1936) reported that the range of total Zn for Louisiana and 
Texas soils is 4 to 73 ppm.
Kanehiro and Sherman (1967) stated that the total Zn content 
of 94 Hawaiian soil profiles range from 51 to 288 ppm. They also
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showed that the total Zn content was less dependent on depth, 
whereas, 0.1 N HC1 extractable Zn indicated a marked decrease in 
concentration with depth. The range for the extractable Zn was
reported as 1.0 to 17.9 ppm. Navrot and Ravikovitch (1968) reported
that the total Zn content in calcareous soils of Isreal range from 
29.1 to 105.8 ppm, whereas Na2 DP-extractable (Disodium diamine 
phenylacetate) Zn range from 0.68 to 1.40 ppm.
Micias (1973) made a study of 75 soils of Spain to determine 
their total and extractable Zn content. He showed that the total Zn
content of the soils varied from 7 . 0  to 125 ppm, with an average of
45.0 ppm. The highest percentage of soils was in the range of 20 to 
30 ppm. The extractable Zn content was found to vary from 0.50 
to 9.0 ppm, using N ammonium acetate as extracting solution. 
Bandyopadhya and Adhikari (1968) found that the total and N ammonium 
acetate-extractable Zn contents of alluvial soils of West Bengal 
ranged from 30.8 to 76.8 ppm, and 0.51 to 6.2 ppm, respectively.
Wahab and Bhatti (1958) investigated the micronutrient element status 
of some West Pakistan soils and reported total Zn contents ranging 
from 15.0 to 87.5 ppm.
In a study designed to survey the total and extractable Zn 
status of some 20 New Jersey soils, Woltz, Toth and Bear (1953) found 
that soils of the Appalachian Province have a range of 25 to 225 ppm 
for total Zn, and 0.4 to 14.0 ppm for extractable Zn. They found 
that the Coastal Plain soils contain considerably less total and 
extractable Zn, between 10 and 70 ppm, and 0.7 and 25 ppm, respect­
ively. Follett and Lindsay (1970) reported that the total Zn content
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of 37 Colorado soil profiles was quite uniform from horizon to 
horizon, and that total Zn did not accumulate at the surface to 
any great extent. However, they found a decrease in DTPA-extract- 
able (Diethylenetriamine pentaacetic acid) Zn with depth in the 
soil profiles. The range reported in the DTPA-extractable Zn was
0.13 to 14.2 ppm.
b. Iron
Iron is the most abundant micronutrient element in the 
earth's crust. Lyon et al. (1952) found that the total Fe content 
of most soils ranges from 0.5 to 5.0 percent. According to Hodgson 
et al. (1962), the total Fe content in the soil profile is not a 
good indicator of the amount that is available to plants, since there 
is a tendency for Fe to form unsoluble oxides in soils that renders 
the element unavailable to plants.
Carter et al. (1964) stated that the exchangeable Fe content of 
some Georgia soils ranged between 2 and 56 ppm. Follett and Lindsay
(1970) determined the total Fe content in soils of Colorado and 
reported a range for all samples between 0.26 and 6.75 percent. They 
also found that the average content of total Fe was relatively uni­
form throughout the soil profile, with only a slight increase in the 
subsurface horizons. The DTPA-extractable Fe for all samples analyzed 
ranged from 1.5 to 160 ppm.
c. Manganese
The average Mn content of the lithosphere as reported by 
Clark (1924) is 0.02 percent. Of the micronutrient elements, Mn is 
reported to be second to Fe in abundance in the earth's crust.
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Igneous and sedimentary rocks contain on the average, 0.10 percent 
and less than 0.05 percent Mn, respectively. According to Swaine 
(1955), the total Mn concentration in soils ranges between 100 and
3,000 ppm. Wahab and Bhatti (1958) reported that the total Mn 
concentrations in soils from West Pakistan ranged between 370 and 
734 ppm. Bandyopadhya and Adhikari (1968) found that total and 
extractable Mn contents in soils of West Bengal ranged from 240 
to 350 ppm, and 23.0 to 30.4 ppm, respectively.
Follett and Lindsay (1970) found that the range in total Mn 
content for soils in Colorado is from 6 8  to 1,340 ppm. They re­
ported that the distribution patterns of the total Mn concentrations 
in the soil profiles are somewhat irregular. The amount of Mn 
extracted by DTPA ranged from 0.6 to 39.5 ppm, with the highest 
concentrations occurring in the surface horizons. Walker and 
Barber (1960) reported a range of 0.0 to 78.5 ppm exchangeable Mn 
for 12 Indiana soils.
The differences in the Mn status of 23 soil profiles from the 
Coastal Plain and Appalachian Provinces of New Jersey were determined 
by Toth (1951). He found a wide variation in the total Mn content 
of the A, B, and C horizons of the soils. The range in the A horizon 
is from 30 to 5,200 ppm; for the B horizon the range is from 30 to 
1,950 ppm, and for the C horizon the range is from 30 to 1,180 ppm. 
Soil profiles from the Appalachian Provinces showed that there was a 
decrease in the total Mn concentrations from the A to the C horizon. 
Little difference was observed in the total Mn content throughout
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the profiles of the Coastal Plain soils. Toth also reported that 
the extractable Mn contents of all soil profiles showed considerable 
variation. In the A, B, and C horizons, the exchangeable Mn ranged 
from 0 to 504 ppm, 0 to 163 ppm, and 0 to 70 ppm, respectively.
d . Copper
Bandyopodhya and Adhikari (1968) reported that the total 
Cu contents of alluvial soils of West Bengal vary from 18.6 to 36.4 
ppm, whereas the N ammonium acetate-extractable Cu vary from 0.25 to
0.53 ppm. Wahab and Bhatti (1958) found that the total Cu content 
of West Pakistan soils ranged from 11.5 to 77 ppm. Holmes (1943) 
determined the total Cu content of a large number of soils in the 
United States and reported a range of 2 to 67 ppm. He found that 
the severely weathered acid soils of the south Atlantic states 
contained much lower levels of total Cu than soils from states 
farther west such as Oklahoma and Missouri.
In a study of 74 soil samples of Spain, Micias (1973) reported 
the total Cu content to vary from 6.0 to 139 ppm, with an average 
of 20 ppm. The range for N ammonium acetate-extractable Cu was 
reported to vary from 0.30 to 1.30 ppm, with an average of 0.50 ppm. 
According to Follett and Lindsay (1970), the total Cu content of 
selected soils in Colorado ranged between 2 and 92 ppm. They found 
that the DTPA-extractable Cu content ranged from 0.14 to 3.68 ppm, 
and that there was a decrease in the available Cu with an increase 
in depth. Gupta and Mackay (1966) reported the exchangeable Cu 
content of several soils in eastern Canada to be in the range of
1.06 to 19.30 ppm.
MATERIALS AND METHODS
A. Soil Sampling and Preparation
Seventy-two important agricultural soil profiles representing 38 
soil series were sampled from six of the major mineral soil areas in 
Louisiana. The sampling locations are presented in Figure 1.
Twelve soil profiles were sampled from each of the six mineral soil 
areas. The soil profiles selected represented some of the major 
bench-mark soil types in the state. The soil type, location, and 
cooperator and the major soil areas are presented in Table 1. The 
soil profiles were sampled at various depths with the assistance of 
soil scientists from Louisiana State University and from the Soil 
Conservation Service. A profile description for each soil series 
under investigation is reported in the National Cooperative Soil 
Survey.
The genetic horizons in each soil profile were collected 
separately and placed into polyethylene bags. A stainless steel 
sampling tube was used to take the soil samples and precautions were 
taken to avoid contaminating the samples with any of the elements 
being studied.
A total of 309 soil samples were collected and they were air- 
dried in the laboratory at room temperature, ground by hand in a 
mullite mortar, and passed through a 20-mesh stainless steel sieve.
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Fig. 1. Location of the 72 selected soil profiles. N34>
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Table 1. The soil type, location, and cooperator of the soil samples 
used in the investigation.
Experiment Soil Location
Number Type (Parish) Cooperator
■Alluvial Soils of the Red River'
1 Norwood sil Rapides Dean Lee Ag. Center
2 Norwood sil Rapides Dean Lee Ag. Center
3 Norwood sil Rapides J. C. Vanderlick
4 Norwood sil Rapides C. F. Gannier
5 Moreland c Rapides P. Wemple
6 Latanier c Rapides Dean Lee Ag. Center
7 Norwood sil Rapides J. Vanderlick
8 Norwood sil Avoyelles B. Bordelon
9 Severn vfsl Grant W. M. Racine
1 0 Severn vfsl Bossier R. R. Valley Exp. Sta
1 1 Severn vfsl Bossier R. R. Valley Exp. Sta
1 2 Norwood vfsl Bossier R. R. Valley Exp. Sta
n<L iaUV oOLXS IU4.ua XVX V vSXi
13 Hebert sil Caldwell B. F. Bauman
14 Hebert fsl Catahoula C. E. Meyers, Jr.
15 Gallion vfsl Catahoula T. E. Kirby
16 Hebert vfsl Catahoula A. L. Huff
17 Gallion vfsl Caldwell E • C . McGee




Number Type (Parish) Cooperator
19 Perry c Morehouse A. R. McGinty
2 0 Hebert vfsl Morehouse M. Bolin
2 1 Hebert vfsl Morehouse M. Bolin
2 2 Hebert vfsl Morehouse D. Barr
23 Hebert vfsl Morehouse W. H. Dillon
24 Hebert vfsl Morehouse G. Sawyer
nXXuVXoX UX LliC KXVCX
25 Coitmerce sil Iberville St. Gabriel Exp. Sta
26 Commerce sil Iberville St. Gabriel Exp. Sta
27 Convent sil St. John P. Lanaux
28 Commerce sil St. James C. Graugnard
29 Commerce sicl Assumption Glenwood Pin.
30 Commerce sicl Assumption Westfield Pin.
31 Commerce sicl Lafourche Arabie
32 Sharkey c West B. R. Smithfield Pin.
33 Commerce sil Pointe Coupee Alma Pin.
34 Baldwin sicl Iberia L. Yetter
35 Bruin vfsl Tensas St. Jo. Exp. Sta.




Number Type (Parish) Cooperator
Coastal Plain Soils'
37 Ora fsl E. Feliciana J. E. Sedberry, Jr.
38 Ruston fsl E. Feliciana J. E. Sedberry, Jr.
39 Bude sil E. Feliciana J. E. Sedberry, Jr.
40 Stough fsl Tangipahoa Owen Vinyard
41 Bowie vfsl Vernon W. La. Exp. Sta.
42 Ruston fsl Vernon W. La. Exp. Sta.
43 Angie vfsl Vernon W. La. Exp. Sta.
44 Ruston fsl Washington S. E. La. Dairy Exp. Sta.
45 Bowie fsl Washington S. E. La. Dairy Exp. Sta.
46 Lakeland lfs Claiborne N. La. Hill Farm Exp. Sta.
47 Vaucluse lfs Claiborne N. La. Hill Farm Exp. Sta.
48 Shubuta fsl Claiborne N. La. Hill Farm Exp. Sta.
wuab uaj. rLaiixca
49 Crowley sil Acadia R. Leonard
50 Crowley sil Acadia Crowley Rice Exp. Sta.
51 Crowley sil Acadia Crowley Rice Exp. Sta.
52 Crowley sil Acadia Crowley Rice Exp. Sta.
53 Crowley sil Acadia Crowley Rice Exp. Sta.
54 Crowley sil Acadia Crowley Rice Exp. Sta.
Table 1. Continued.
Experiment Soil Location
Number Type (Parish) Cooperator
55 Crowley sil Acadia Crowley Rice Exp. Sta
56 Acadia sil Acadia Crowley Rice Exp. Sta
57 Crowley sil Acadia Crowley Rice Exp. Sta
58 Crowley sil Acadia Crowley Rice Exp. Sta
59 Wrightsville sil J . Davis S. Fontenot
60 Iberia sil Vermillion
1 M.
T. Noel
61 Falaya sil East B. R. Perkins Road Exp. Sta
62 Grenada sil Franklin Macon Ridge Exp. Sta.
63 Bonn sil Franklin Macon Ridge Exp. Sta.
64 Olivier sil Franklin Macon Ridge Exp. sta.
65 Calhoun sil Franklin Macon Ridge Exp. sta.
6 6 Olivier sil Franklin Macon Ridge Exp. Sta.
67 Providence sil E. Feliciana J. E. Sedberry, Jr.
6 8 Lexington sil E. Feliciana J. E. Sedberry, Jr.
69 Lexington sil Washington S. E. Dairy Exp. Sta.
70 Providence sil Washington S. E. Dairy Exp. Sta.
71 Jeanerette sil Iberia J. Russo
72 Memphis sil Lafayette L. Billeaud
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B. Analytical Methods
1. Soil Reaction, pH
Soil reaction, pH,was determined using a 1:1 mixture of soil 
and water. A twenty-five gram sample of air-dried soil was placed 
into a 142 ml Lily paper cup and 25 ml of distilled water were added. 
The soil and water mixture was stirred and allowed to stand at room 
temperature for 24 hours. After 24 hours the soil and water mixture 
was stirred and the pH reading was obtained by using a glass electrode 
and a Corning model 12 research meter.
2. Organic Matter
The organic matter content in each of the soil samples was 
determined by the Walkley-Black wet oxidation method as described 
in the Soil Survey Laboratory Methods and Procedures for collecting 
soil samples (1972) . A two-gram sample of the air-dried soil ground 
to pass through a 2 0 -mesh stainless steel sieve was weighed and 
transferred into a 250 ml Erlenmeyer flask. Ten ml of N potassium 
dichromate (K^C^O^) solution were added to the flask. Twenty ml 
of concentrated sulfuric acid (H2 SO4 ) were added rapidly by direct­
ing the stream into the soil-solution mixture. The flask was then 
swirled vigorously for about one minute and placed on an asbestos 
sheet under a fume hood and allowed to cool at room temperature.
A 100 ml of distilled water and four drops of phenanthroline- 
molybdate indicator were added to the mixture of soil and oxidizing 
agents. The mixture was titrated with N ferrous sulfate (FeSC>4 -7 H 2 0 ) 
solution drop by drop until a wine red end point was obtained.
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The percent organic matter was calculated by use of the following 
equation:
Organic C ml FeS0 4  (blank) - ml FeS0 4  (sample) n- X N of FeS04  X u *Jgrams of sample ~  0.77
Organic Matter _ Organic C x i 7 2 4
% %
3* Total Zinc, Iron/ Manganese, and Copper
The method of Follett and Lindsay (1969) was used to determine
total Zn, Fe, Mn, and Cu in the soils. A one-gram sample of each 
soil was weighed and transferred to a Teflon beaker. Ten ml of 
redistilled nitric acid (HNOgJwere added with a repipet to each beaker 
containing the sample of soil, and the mixture was swirled gently for 
mixing. Exactly 10 ml of concentrated hydrofloric acid (HF) were 
added to each sample and the mixture was swirled to insure rapid 
oxidation. The mixture was allowed to stand over-night under a fume 
hood. The next day five ml of concentrated perchloric acid (HCIO^) 
and three drops of concentrated sulfuric acid (I^SO^Jwere added to
each sample and the soil-solution mixture was digested on a hot plate
followed by fuming to moist dryness. After fuming the sample was 
removed from the hot plate and allowed to cool at room temperature.
Ten ml of redistilled hydrochloric acid (HC1) were used to wash down 
the sides of the beaker and to redissolve the micronutrient cations in 
the sample. After allowing the contents in the beaker to stand for one 
hour the residue was brought to volume with redistilled water in a 
100 ml volumetric flask. The total amounts of Zn, Fe, Mn, and Cu in 
the solution were determined using a Model 503 Perkin-Elmer Atomic 
Absorption Spectrophotometer.
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4. DTPA-Extractable Zinc, Iron, Manganese, and Copper 
Extractable Zn, Fe, Mn, and Cu in each of the soil samples 
were determined by the method proposed by Lindsay and Norvell (1969).
A ten-gram sample of air-dried soil ground to pass through a 20-mesh 
stainless steel sieve was weighed and transferred into a 125 ml 
Erlenmeyer flask. Twenty ml of diethylene triamine pentaacetic 
acid-triethanol amine (DTPA-TEA) extracting solution adjusted to pH 7.3 
with HC1 were added to the soil in each flask and the mixture was 
shaken for two hours on an Eberbach mechanical shaker. After shaking 
the soil-solution mixture was filtered through a Whatman No. 2V folded 
filter paper and the filtrate was collected in a 50 ml Erlenmeyer 
flask. Extractable Zn, Fe, Mn, and Cu in the filtrate were determined 
on a Perkin-Elmer Model 503 Atomic Absorption Spectrophotometer.
B. Statistical Analyses
Total and DTpA-Extractable Zn, Fe, Mn, and Cu, percent organic 
matter and soil reaction, pH, in each sample of soil were recorded on 
IBM code sheets and processed through the LSU Computer Research Center 
by the Department of Experimental Statistics. Simple correlation 
coefficients and regression coefficients and equations were used to 
show the relationship between the total and the extractable micro­
nutrient cations in the soils. Relationships were also established 
between pH, organic matter, and certain chemical soil properties.
RESULTS AND DISCUSSION
A. Content and Distribution of Micronutrient Cations in Selected 
Soils from Six Major Soil Areas in Louisiana 
Twelve soil profiles were sampled in each of six major soil 
areas in Louisiana for content and distribution of Zn, Fe, Mn and 
Cu in the genetic horizons. The total and DTPA-extractable micro­
nutrient cations, organic matter and the soil reaction, pH, of the 
six major soil areas are presented in Tables 2-7. These represent­
ative soils are seme of the agriculturally important soil types in 
the state of Louisiana. They display a wide range of chemical 
properties, which in turn reflect variations in parent material, age, 
topography, and other soil-forming factors that influence the con­
tent and distribution of the micronutrient cations.
The soil chemical properties were examined statistically to 
obtain correlation coefficients relating total with DTPA-extract­
able micronutrient cations, with organic matter, and with soil 
reaction, pH. The correlation coefficients are shown in Tables 14- 
61. Regression coefficients were also determined statistically, 
however, only those that were significant at the 1 and 5 percent 
levels of probability are reported.
1. Total Micronutrient Cations
a. Zinc
In the 43 soils from the Red River alluvial area, total 
Zn was found to range from 21 to 150 ppm (Table 2). The mean total 
Zn in the Ap, B, and C horizons was 53, 77, and 46 ppm, respectively,
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as shown in Table 8 . Among all of the soils from the Red River 
alluvial area the lowest quantity of total Zn was found in the 
Severn very fine sandy loam soil, whereas the soil profile 
containing the highest amount of total Zn was the Moreland clay.
The soil profiles differed widely in the content and distri­
bution of total Zn, and this appeared to be associated with the 
texture of the soils. The more clayey soils contained greater 
amounts of total Zn than did the sandy loam soils. There was a 
downward trend in the total Zn content within the profile of the 
heavy textured soils with an accumulation in the surface horizon. 
However, there was an increase in the total Zn content With increas­
ing depths within the profile of the medium to light textured soils 
with an accumulation in the subsurface horizon. The accumulation of 
total Zn in the surface horizon of the heavy textured soils may 
have been due to the organic matter content which form complexes 
with Zn in the soil.
The total Zn content in the soils from the Ouachita River 
alluvial area is presented in Table 3. The amount of total Zn 
ranged between 16 and 103 ppm. The mean total Zn content in the 
Ap, A, and B horizons of the 12 soils from the Ouachita River 
alluvial area was 30, 27, and 48 ppm, respectively, as shown in 
Table 9. Soils from the Ouachita River alluvial area contained 
slightly lower amounts of total Zn than did the soils from the Red 
River alluvial area. The lower total Zn content in Ouachita River 
alluvial soils indicated that the parent material from which the 
soils were formed may have been low in zn. The Perry clay soil
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contained the highest quantity of total Zn, whereas the Hebert fine 
sandy loam soil contained the lowest total Zn content. Soil 
texture appeared to have an effect in the variation of the total Zn 
content among the soils from the Ouachita River alluvial area. The 
heavy textured soils from the Ouachita River alluvial area were 
also considerably higher in total Zn content than were the soils 
with light to medium textures. There was a general downward trend 
in total Zn content with increasing depths in the heavy textured
soils, compared to an increase in total Zn content with increasing
depths in the light to medium textured soils.
The soils from the Mississippi River alluvial area were 
found to contain the highest amount of total Zn of all of the soils 
included in the investigation. The range in the total Zn content 
of the Mississippi River alluvials soils was between 30 and 109 ppm 
as shown in Table 4. Mean total Zn content of 62, 73, and 57 ppm 
was obtained in the Ap, B, and C horizons of the 12 soils, respectively, 
(Table 10). In general, the data show that there was a slight
accumulation of total Zn in the B horizons and this was probably due
to the movement of clay through leaching from the A into the B 
horizon.
The distribution of total Zn in the soil profiles from 
the Mississippi River alluvial area followed the same general pattern 
as did the alluvial soils from the Red River and Ouachita River areas. 
There were less variation in the total Zn content among the horizons 
of the soil profiles for the heavy and medium textured soils from the 
Mississippi River alluvial area.
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The data in Table 5 show that the soils from the Coastal 
Plain area contained low quantities of total Zn. This low total 
Zn content in the soils may be related to the amount of Zn found 
in the parent material which is largely responsible for the chemical 
and mineralogical composition of soils. The range in total Zn 
content for all of the soils from the Coastal Plain area was from 
7 to 67 ppm. The data in Table 11 show that the mean total Zn con­
tent in the Ap, A, and B horizons of the 12 soils from the Coastal 
Plain area was 15, 18, and 33 ppm, respectively. In general, there 
was an increase in the quantity of total Zn with an increase in 
depth. Since most of the soils sampled in the Coastal Plain area 
were of light sandy textures, it is reasonable to assume that 
leaching of the finer soil particles from the surface horizon into 
the subsurface horizons may have been responsible for the increase 
in the total Zn content with increases in depths. The Coastal Plain 
soils showed less variation in total Zn content among the individual 
soil profiles, than within each profile. This may be attributed to 
the similarity in soil texture among the soil profiles from the area.
The soils from the Coastal Prairies area contained relatively 
low amounts of total Zn. These soils were slightly higher in total 
Zn than were the soils from the Coastal Plain area. However, they 
contained less than half the amounts of total Zn found in the soils 
from the Red, and Mississippi Rivers alluvial areas. The low con­
tent of Zn found in the soils from the Coastal Prairies area may 
be attributed to the relatively low content of sphalerite found in 
these soils.
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The total Zn content in the soils from the Coastal 
Prairies area is presented in Table 6. A range from 13 to 64 ppm 
of total Zn was obtained for all of the soils. There were greater 
variations in the total Zn content from horizon to horizon of the 
individual soil profiles, than among the soil profiles. The 
majority of the soils from the Coastal Prairies area were classified 
as silt loam and like the soils from the other areas with similar 
textures, there was an increase in total Zn content with increasing 
depths. The data in Table 12 show the mean total Zn content in the 
major horizons of soils from the Coastal Prairies area. Mean values 
of 25, 26, and 49 ppm of total Zn was obtained for the Ap, A, and B 
hori zons, respectively.
The range in the total Zn content in the soils from the 
Mississippi Terraces area was found to be from 19 ppm in the Lexington 
silt loan soil, to 91 ppm in the Calhoun silt loam soil (Table 7).
The data in Table 13 show that the mean values of total Zn for the 
Ap, A, and B horizons were 33, 36, and 52 ppm, respectively.
The content and distribution of total Zn in the soils from 
the Mississippi Terraces area were somewhat similar to that found 
in the soils from the Ouachita River alluvial area despite the fact 
that the two soil areas were of different geologic formations. Per­
haps the most important consideration was that sphalerite which is 
the chief Zn-bearing mineral may have been present in comparable 
amounts in the two soil areas.
The range in the total Zn content in all of the soils 
from the six major soil areas was from 7 to 150 ppm. Holmes (1943)
compiled the analysis of soils in the U.S. and reported a range
of 11 to 147 ppm in total Zn content, with the majority of soils
falling between 50 and 100 ppm. A jens and Boggs (1936) reported 
a range of 4 to 73 ppm in total Zn content for Louisiana and Texas 
soils. Follett and Lindsay (1963) found that the range in total 
Zn content in Colorado soils was from 8 to 148 ppm.
Zinc probably exists as the simple divalent ion absorbed 
on the fine soil constituents. White (1957) showed that 30 to 60 
percent of the total Zn present in Tennessee soils was associated 
with F©2°3 minerals * and 20 to 45 percent with clay minerals. This 
phenomenon can be used to explain the increase in total Zn content
with an increase in depth in the soil profile. Since clay minerals
are usually leached from the surface into the subsurface horizons, 
the association of Zn with mobilized clay may be the principal 
reason for the increase in total Zn content with an increase in 
depth. Zinc may also move downward in the soil profile as a free 
ion or as organic complexes through leaching processes. Follett 
and Lindsay (1969) found a significant relationship between clay 
and total Zn contents in Colorado soils.
b. Iron
The mean total Fe content in soils from the Red River 
alluvial area was 1.83, 2.88, and 1.74 percent in the Ap, B, and 
C horizons, respectively, as shown in Table 8. The data show 
that there was an accumulation of total Fe in the B horizon. The 
data in Table 2 indicate that for all of the soils from the
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Red River alluvial area the total Zn content was found to range 
from 0.67 percent in the Severn very fine sandy loam soil, to 
4.26 percent in the Moreland clay soil. The Moreland and 
Latanier clay soils from this soil area contained considerably 
greater quantities of total Fe than did the silt loam and very fine 
sandy loam soils. In general, there was an increase in total Fe 
content as soil depth was increased. The only two soil profiles 
in the Red River alluvial area that showed a decrease in total Fe 
content with an increase in soil depth were the Moreland and 
Latanier clays that showed an accumulation in the surface horizon.
The data in Table 3 show that the range in total Fe con­
tent for all of the Ouachita River alluvial soils was from 0.48 to 
4.02 percent. The Perry clay soil contained relatively large 
amounts of total Fe, whereas the .Hebert very fine sandy loam 
soils contained consistently lower quantities of total Fe. The 
majority of the soils from the Ouachita River alluvial area 
showed an increase in total Fe content with increasing depth. The 
increase with depth was more pronounced in the Hebert soils than in 
the Gallion and Perry soils. By comparing the data in Tables 2 and 3 
the Ouachita River alluvial soils contained lower contents of total 
Fe than did soils from the Red River alluvial area.
The mean total Fe content in the major horizons of the 
soils from the Ouachita River alluvial area is presented in Table 9. 
The mean total Fe content was 0.94, 0.87, and 1.76 percent in the 
Ap, A, and B horizons, respectively.
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The total Fe content in the major horizons of the soils 
from the Mississippi River alluvial area is presented in Table 4.
Soils in this area contained relatively high amounts of total Fe.
The range of total Fe for all of the soils from the area was from 
0.93 to 2.90 percent. The Sharkey and Tunica clay soils contained 
the largest amounts of total Fe. However, the majority of the 
soils contained from 1.0 to 2.0 percent of total Fe content. The 
mean total Fe content in the major horizons of the 12 soils from 
the Mississippi River alluvial area is presented in Table 10. The 
mean value of total Fe in the Ap, B, and C horizons was 1.57, 1.95, 
and 1.69 percent, respectively. The data in Table 10 indicate that 
total Fe accumulated in the B horizon. In general, there was an 
increase in the amount of total Fe with increasing depth in the soil 
profiles from the Mississippi River alluvial area. Slight variations 
were observed for the total Fe content in the Commerce, Convent, 
and Bruin soil profiles, but wider variations were found in the 
Sharkey, Tunica, and Baldwin soils.
The range in total Fe content in all of the soils from 
the Coastal Plain area was from 0.23 to 5.20 percent (Table 5). The 
Angie, Ruston, Bowie, and Shubuta soils contained relatively high 
total Fe contents throughout the profiles. The Shubuta soil con­
tained 5.20 percent of total Fe. The Lakeland, and Vaucluse soils 
were found with relatively low contents of total Fe. The distribution 
of total Fe in the soils from this Coastal Plain area showed an 
increase with an increase in soil depth.













Cu Zn Fe Mn
-ppm----—
Cu
Ap 0-15 7.8 1.00
1. Norwood silt 
40 1.65
loam
369 22 0.38 6.4 10.6 1.14
Cl 15-53 7.9 0.13 45 1.86 366 22 0.24 4.8 5.9 0.92
C2 53-91 8.2 0.20 60 2.12 406 25 0.22 5.0 6.0 1.08
Ap 0-15 8.0 1.10
2. Norwood silt 
55 2.04
loam
436 27 0.42 7.2 9.1 1.44
Cl 15-53 8.0 0.50 64 2.32 416 27 0.28 7.1 6.2 1.22
C2 53-91 8.2 0.37 56 2.17 336 28 0.18 6.1 5.0 1.04
Ap 0-18 8.1 0.40
3. Norwood silt 
37 1.50
loam
286 19 0.18 5.6 7.0 0.72
Cl 18-53 8.2 0.17 38 1.48 276 18 0.16 6.4 4.6 0.80















Mn Cu Zn Fe Mn
-ppm------
Cu
4. Norwood silt loam
Ap 0-18 8.0 0.73 54 1.85 416 28 0.44 8.2 8.4 2.48
Cl 18-53 8.1 0.10 98 1.93 346 23 0.22 7.3 4.7 1.00
C2 53-91 8.2 0.27 58 1.81 346 21 0.20 7.7 3.8 0.92
5. Moreland clay
Ap 0-15 6.5 2.60 150. 4.26 486 47 1.30 59.1 23.0 4.72
B1 15-76 7.9 0.73 100 3.87 686 36 0.42 9.7 11.0 2.04
Ab 76-102 8.0 0.60 99 3.73 476 41 0.30 8.5 8.5 1.96
6 . Latanier clay
Ap 0-23 7.4 2.30 102 3.55 646 41 0.86 17.5 7.9 2.92
B21 23-43 7.8 0.93 88 3.00 726 37 0.42 22.5 10.5 2.26

















Cu Zn Fe Mn
■ppm------
Cu
7. Norwood silt loam
Ap 0-18 8.1 0.23 31 1.00 156 17 0.26 5.6 3.6 0.40
Cl 18-53 8.3 0.13 31 0.99 166 16 0.14 5.5 2.1 0.36
C2 53-102 8.3 0.20 37 1.57 256 18 0.18 6.8 3.6 0.64
8. Norwood silt loam
Ap 0-23 7.7 1.30 57 2.30 416 29 0.54 11.0 10.2 1.60
Cl 23-48 7.9 0.67 65 2.95 536 32 0.22 8.8 8.4 1.64
C2 48-97 8.1 0.10 26 0.90 136 12 0.14 4.3 3.1 0.36
9. Severn very fine sandy loam
Ap 0-23 6.1 0.47 22 0.85 166 12 0.38 47.0 24.4 0.96
B 23-46 6.6 0.47 28 1.05 256 18 0.24 24.8 12.5 1.64
Cl 46-76 6.8 0.13 24 0.67 96 20 0.34 24.3 2.4 1.88



















10. Severn very :frine sandy loam
Ap 0-25 7.5 0.57 26 0.96 186 15 0.62 6.9 8.4 1.08
Cl 25-38 7.8 0.53 30 1.19 246 17 0.34 9.7 6.7 1.56
C2 38-64 7.9 0.20 21 0.93 196 12 0.18 7.7 4.2 0.68
C3 64-79 8.0 0.33 35 1.52 266 16 0.22 9.5 5.1 0.80
C4 79-102 7.9 0.63 64 2.68 336 26 0.34 14.0 5.0 1.44
11. Severn very fine sandy loam
Ap 0-25 7.7 0.50 23 0.95 176 15 0.42 7.9 8.1 1.18
Cl 25-48 7.8 0.67 28 1.08 216 22 0.48 16.3 5.7 1.40
C2 48-56 7.7 1.03 40 1.52 256 23 0.78 25.0 5.9 2.30
C3 56-64 7.9 0.77 44 1.87 326 23 0.50 18.1 6.0 1.66
C4 64-91 7.9 0.40 24 1.08 196 14 0.32 14.0 4.4 1.20
CO
Table 2. Continued.














Cu Zn Fe Mn
-ppm-----
Cu
12. Norwood very fine sandy loam
Ap 0-25 7.7 0.57 34 1.00 153 23 1.56 8.0 6.2 2.58
Cl 25-46 7.8 0.33 26 1.07 163 16 0.46 8.4 4.4 1.18
C2 46-64 . 7.7 1.00 82 3.60 403 32 0.34 14.6 10.0 2.14
C3 64-81 7.9 0.50 52 2.40 343 26 0.18 8.9 8.6 1.36
C4 81-102 8.0 0.50 56 2.57 513 26 0.12 8.3 8.5 1.22
.e.















Cu Zn Fe Mn
ppm------
Cu
13. Hebert silt loam
Ap 0-15 7.0 1.20 44 1.27 223 16 1.34 53.0 26.4 1.16
B21tg 15-41 6.3 1.13 97 2.06 483 26 4.04 115.2 18.8 3.06
B22tg 41-61 5.7 0.57 91 1.99 103 25 2.34 82.0 3.8 2.76
B23tg 61-86 6.1 0.50 85 2.34 243 29 1.54 50.2 5.7 2.62
B3g 86-102 7.1 0.40 83 2.30 243 25 1.26 19.2 6.1 1.74
14. Hebert fine sandy loam
Ap 0-15 5.8 0.80 25 0.70 83 11 1.48 162.4 17.9 0.84
Bit 15-25 6.0 0.57 42 1.22 163 13 1.62 80.0 20.2 1.66
B21t 25-41 5.5 0.97 51 1.62 103 14 1.12 172.4 5.3 1.90

















Cu Zn Fe Mn 
-------- ppm------
Cu
B23t 61-76 4.9 0.40 44 1.67 63 16 0.62 171.3 2.8 1.92
IIB3 76-102 4.8 0.43 58 2.08 63 17 0.78 90.2 4.1 1.62
15. Hebert very fine sandy loam
Ap 0-15 6.1 0.87 26 0.87 111 11 0.50 71.0 12.4 0.60
A12 15-30 6.9 0.67 25 0.85 111 10 0.44 40.2 5.9 0.72
B 30-71 4.9 0.47 34 1.30 171 13 0.52 54.8 12.8 1.00
eg 71-102 4.6 0.17 32 1.24 111 13 0.62 25.0 11.4 0.76
16. Hebert very :fine sandy loam
Ap 0-15 6.9 0.83 25 0.73 101 10 1.34 44.6 8.5 0.60
A2 15-25 6.7 0.70 37 1.12 191 13 0.76 35.1 8.2 1.00




Depth pH O.M. Zn Fe Mn Cu Zn Fe Mn Cu
Horizon cm 1:1 % ppm %  ppm------  ppm-----------
B2t 46-71 4.7 0.43 54 2.32 371 21 0.32 58.2 16.8 1.48
Bt 71-97 4.8 0.37 51 2.34 121 20 0.28 33.7 11.6 1.34
17. Gallion very fine sandy loam
Ap 0-18 4.4 1.33 30 0.99 121 13 0.62 176.9 21.8 0.84
B21t 18-46 4.6 0.20 64 1.92 161 .18 0.24 128.2 8.0 1.24
B22t 46-71 4.8 0.10 42 1.82 121 16 0.22 190.0 2.3 0.94
B3 71-97 5.2 0.13 51 1.85 141 19 0.34 100.0 6.8 1.04
18. Gallion very fine sandy loam
Ap 0-20 6.7 0.90 21 0.61 191 12 0.76 80'. 3 38.6 0.76
B21t 20-46 5.7 0.43 44 1.65 141 20 0.12 84.6 4.9 1.20























B23t 66-86 5.2 0.17 36 1.42 151 15 0.10 103.5 5.5 0.68
B3t 86-107 5.2 0.17 40 1.63 151 17 0.10 ' 87.0 4.0 0.86
19. Perry Clay
Ap 0-8 5.5 1.66 103 3.30 161 32 2.78 192.7 18.4 3.34
B21g 8-30 4.7 1.27 90 3.90 91 35 0.50 185.7 1.8 2.98
B2]g 30-51 4.7 0.73 90 4.02 91 38 0.28 55.2 1.8 1.18
IIB31 51-81 5.0 0.30 55 2.40 81 23 0.26 38.2 1.9 1.06
IIB32 81-102 5.1 0.23 53 2.27 371 23 0.26 29.2 26.3 0.64
20. Hebert very fine sandy loam
Ap 0-15 6.3 0.63 20 0.60 265 11 0.32 20.6 31.1 0.42

















Zn Fe Mn 
------ ppm-----
Cu
Bit 23-46 6.3 0.13 21 0.78 145 12 0.14 23.0 6.0 0.42
B21t 46-66 5.0 0.13 20 0.78 105 12 0.14 32.0 6.1 0.46
B22t 66-86 4.9 0.10 24 0.90 215 12 0.34 51.1 5.8 0.60
B3t 86-102 5.0 0.10 38 1.45 115 15 0.62 97.5 5.8 1.08
21. Hebert very fine sandy loam
Ap 0-15 6.2 0.70 17 0.50 185 10 0.64 41.1 30.9 0.40
A2 15-41 5.5 0.33 18 0.57 195 10 0.36 53.0 26.0 0.34
Bit 41-58 5.4 0.13 24 1.05 85 12 0.20 55.2 5.1 0.52
B21t 58-84 4.5 0.13 45 1.75 95 18 0.22 49.4 4.3 0.84


















--------------p p m ---------
Cu
22. Hebert very fine sandy loam
Ap 0-15 6.9 0.50 19 0.65 125 10 0.64 18.4 8.5 0.34
A2 15-30 6.8 0.27 23 0.82 115 13 0.56 17.0 4.0 0.34
B21t 30-61 5.3 0.10 22 0.93 85 14 0.44 48.1 1.6 0.44
B22t 61-91 5.6 0.13 32 1.57 85 14 0.34 36.6 3.5 0.58
23. Hebert very fine sandy loam
Ap 0-15 5.2 0.87 16 0.58 145 10 0.58 83.0 31.8 0.98
Al 15-30 4.8 0.70 19 0.72 95 13 0.22 59.2 9.0 0.82
A2 30-46 4.5 0.23 16 0.73 66 10 0.12 43.0 2.1 0.38
Bit 46-74 4.6 0.23 23 1.05 74 12 0.14 38.0 5.0 0.40




















24. Hebert very fine sandy loam
Ap 0-15 6.4 0.63 18 0.48 388 9 0.86 31.7 26.8 0.56
A1 15-28 6.5 0.43 22 0.65 308 11 0.82 28.8 22.4 0.58
A2 28-71 5.7 0.10 18 0.80 139 10 0.14 31.9 8.7 0.32
Bit 71-91 5.4 0.10 25 1.30 102 13 0.14 38.3 1.8 0.42
B2t 91-102 5.0 0.10 31 1.47 183 13 0.26 47.1 3.4 0.44
U1M
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The mean total Fe content in the major horizons of the 
12 soil profiles from the Coastal Plain area is presented in 
Table 11. The mean total Fe content in the Ap, A, and B horizons 
was 0.66, 0.80, and 2.04 percent, respectively. The relatively 
high total Fe content found in the B horizon indicated that conditions 
were favorable for the leaching of sesquioxides from the surface 
horizon into the B horizons of the soils.
In the soils from the Coastal Prairies area the range 
in total Fe content was from 0.88 to 2.12 percent as shown in 
Table 6. The majority of the soils from this area contained 
relatively high amounts of total Fe. There were slight variations 
in the amounts of total Fe among the soil profiles. However, total 
Fe content in the individual soil profiles increased with increas­
ing depth. The Ap horizons of all of the 12 soil profiles contained 
the lowest quantity of total Fe.
The mean total Fe content in the Ap, A, and B horizons 
of the 12 soil profiles from the Coastal Prairies area was 1.26,
1.35, and 1.80 percent, respectively, as shown in Table 12. The 
data show that there was a slight but consistent increase in the 
mean total Fe content of the profiles from this soil area.
The soils from the Mississippi Terraces area had a range 
of 0.62 to 2.07 percent in total Fe content (Table 7). The soils 
in this area followed the same general distribution pattern of 
total Fe content as did the soils from the other five soil areas 
studied. In general, there was an increase in total Fe content
with, an increase in soil depth. The Falaya silt loam soil contained 
relatively low amounts of total Fe. All of the horizons in this 
soil contained less than 1.0 percent of total Fe. The remaining 
11 soils from the Mississippi Terraces area contained relatively 
high amounts of total Fe, and showed slight variations in the total 
Fe contents both among and within the soil profiles.
The mean total Fe content in the Ap, A, and B horizons 
of the 12 soils from the Mississippi Terraces area was 1.00, 1.12, 
and 1.62 percent, respectively, as shown in Table 13. There was 
an increase in the amount of total Fe in the B horizon. This 
increase may have been due to the mobilization of Fe adsorbed on 
clay particles in the surface horizon and subsequent movement by 
percolating water into the B horizon.
The range in the total Fe content for all of the soils 
from the six major areas was from 0.23 to 5.20 percent. This 
wide range reflects variations in the amount of Fe-bearing minerals 
in the parent materials from which the soils were developed.
The soils from the Red River alluvial area contained 
the highest amount of total Fe. These soils were developed from 
parent materials which were naturally high in Fe-bearing minerals. 
Soils from the Coastal Plain area contained lower total Fe content 
than did the soils from the other five areas. The Coastal Plain 
soils are relatively old and apparently have undergone heavy leach­
ing which resulted in the accumulation of Fe in the lower horizons. 
According to Lyons et al. (1952) most of the soils in the
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United States ranged from 0.50 to 5.00 percent in total Fe content. 
Follett and Lindsay CL969) reported a range in total Fe content 
from 0.26 to 6.75 percent for Colorado soils.
c. Manganese
The range in total Mn content for all of the soils from 
the Red River alluvial area was from 96 to 726 ppm, as shown in 
Table 2. The profile distribution of the total Mn in the soils 
from this area was somewhat irregular. The following general types 
of distribution may be used to describe the status of total Mn in 
the soils from the Red River alluvial area: (1) an increase in
total Mn with an increase in soil depth (Experiment Nos. 7, 10,
11, and 12); (2) a decrease in total Mn with depth in the profile 
(Experiment Nos. 2 and 4); (3) an increase followed by a decrease 
in total Mn with increasing depth (Experiment Nos. 5, 6, 8, and 9) ; 
and (4) surface accumulation with a slight decrease in the subsurface 
horizon followed by an increase with soil depth (Experiment Nos. 1 
and 3) .
The data in Table 8 show the mean total Mn content of 
the 12 soils from the Red River alluvial area. The mean total Mn 
content in the Ap, B, and C horizons was 324, 512, and 293 ppm, 
respectively. The data show that the B horizon was higher in the 
mean total Mn than in the Ap or C horizons. Since there were 
relatively few soils in this area that had B horizons, therefore, 
the mean data for total Mn should be handled with discretion.
The range in total Mn content for all of the soils from 
the Ouachita River alluvial area was from 63 to 483 ppm as presented
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in Table 3. The distribution of total Mn in the soil profiles 
from this area showed the same manner of irregularity as did the 
soils from the Red River alluvial area. Five general types of 
distribution may be used to describe the total Mn contents in 
the soils from this area: Cl) a slight variation with depth in
the profile (Experiment No. 15); (2) surface accumulation with a 
decrease in the subsurface horizon, followed by an increase with 
depth (Experiment Nos. 18, 19, 23 and 24); (3) a decrease with 
increasing depth in the profile (Experiment Nos. 14, 21, and 22);
(4) an increase with increasing depth (Experiment No. 16); and
(5) no pattern in the distribution pattern (Experiment Nos. 13,
17, and 20). The majority of soils from this soil area contained 
from 100 to 200 ppm of total Mn content.
The data in Table 9 show the mean micronutrient cations 
of the 12 soil profiles from the Ouachita River alluvial area. The 
mean total Mn content in the Ap, A, and B horizons was 175, 173, 
and 149 ppm, respectively. The data showed that there was a 
slight decrease in the quantity of total Mn with increasing depth 
in the soil.
The amounts of total Mn in all of the soils from the 
Mississippi River alluvial area are presented in Table 4. The 
range in the total Mn content in all of the soils from this area 
was from 198 to 1,042 ppm. The majority of the soils contained 
between 200 and 600 ppm of total Mn. Soils having clay and silty 
clay loam textures were found to contain relatively high amounts of
total Mn. The distribution of total Mn in the Sharkey, Baldwin, 
Bruin, and Tunica soils showed an increase with increasing depth 
in the profile. The remaining eight soils had no definite pattern 
in the distribution.
The mean total Mn content in the Ap, B, and C horizons
of the 12 soils from the Mississippi River alluvial area was 446, s
563, and 378 ppm, respectively as shown in Table 10. The 
accumulation of total Mn in the subsurface B horizon may have been 
due to granules and concretions of Mn that resulted primarily 
from moisture and drainage conditions.
The quantity of total Mn in the soils from the Coastal 
Plain area is presented in Table 5. The data showed a range from 
25 to 603 ppm of total Mn for all of the soils in the area. Some 
of the lowest total Mn content were found in this area. The Angie, 
Ruston, Lakeland, Vaucluse, and Shubuta soils contained less than 
150 ppm of total Mn. In general, there was a decrease in the total 
Mn content with an increase in soil depth. In most of the soils 
from this Coastal Plain area there was a relatively large surface 
accumulation of total Mn. However, the Vaucluse and Shubuta soils 
showed an accumulation in the B horizons. The relatively high 
content of total Mn found in the surface horizon of the majority 
of soils in the Coastal Plain area was attributed to the association
of Mn with soil organic matter.
The mean total Mn content in the Ap, A, and B horizons 
of the 12 soil profiles from the Coastal Plain area were 235, 184,
and 104 ppm, respectively, as presented in Table 11. The data 
showed that the total Mn content decreased with, depth in the 
profile.
The total Mn content in the soils from the Coastal 
Prairies area is presented in Table 6. The range for all of the 
soils in the area was from 123 to 1,188 ppm. The Crowley and 
Acadia soils contained relatively large amounts of total Mn. The 
majority of soils, however, contained between 400 and 800 ppm of 
total Mn. The distribution of the total Mn in the soil profiles 
from the Coastal Prairies area were somewhat irregular. However, 
the following two basic patterns were observed: (1) an increase
in total Mn with increasing depth; and (2) a decrease in total Mn 
with increasing depth.
The mean total Mn content in the major horizons of the 
soils from the Coastal Prairies area is presented in Table 12.
Mean total Mn content of 708, 696, and 450 ppm was obtained for 
the Ap, A, and B horizons, respectively. Although the data in 
Table 12 show a considerable difference in the mean total Mn con­
tent between the Ap and B horizons, the data in Table 6 indicate 
that the individual soil profiles did not follow the same pattern.
The data of the soils from the Mississippi Terraces area 
show a range from 55 to 2,229 ppm of total Mn, as presented in 
Table 7. Although the range in total Mn content was relatively 
wide, it should be viewed with discretion since most of the soils 
contained between 300 and 800 ppm. There was seme variability in
the distribution of total Mn in the soil profiles from the 
Mississippi Terraces area. The Jeanerette and Falaya soils showed 
an increase in total Mn content with increasing depth in the pro­
file. The Granada, Providence, and Lexington soils showed a 
decrease in total Mn content with increasing soil depth. The 
Bonn, Calhoun, and Memphis soils showed a slight accumulation of 
total Mn in the surface horizon, decreased in the subsurface 
horizons followed by an increase with soil depth. No distinct 
pattern was observed for the Olivier soil.
The mean total Mn content for all of the soils from the 
Mississippi Terraces area was 663, 611, and 444 ppm in the Ap,
A, and B horizons, respectively (Table 13). The relatively high 
amount of total Mn in the Ap horizon suggested that organic com­
plexes associated with Mn were occurring in the surface horizon 
which is the region of intense biological activity.
The total Mn content in all of the soils from the six 
soil areas ranged from 25 to 2,229 ppm. Follett and Lindsay (1969) 
reported a range from 68 to 1,340 ppm for certain Colorado soils. 
They also found variation in the distribution of total Mn content 
in the soil profiles studied. Swaine (1955) found that most of the 
soils in the United States ranged from 100 to 3,000 ppm.
Soils from the Coastal Prairies and Mississippi Terraces 
areas contained relatively large amounts of total Mn. Soils from 
the Ouachita River alluvial and Coastal Plain areas contained 
lower quantities of total Mn than did the soils from the Red and 
Mississippi Rivers alluvial, Coastal Prairies, and Mississippi 
Terraces areas.


















25. Commerce silt loam
Ap 0-23 5.4 0.70 35 1.03 252 15 0.82 70.0 26.7 1.62
B21 23-48 7.4 0.47 50 1.49 444 19 0.54 16.5 10.0 1.82
B22 48-102 7.8 0.73 52 1.57 479 17 0.54 16.0 8.7 1.62
C 102-122 7.7 0.43 65 1.89 419 23 0.70 27.4 5.9 2.64
26. Commerce silt loam
Ap 0-28 5.7 0.43 30 0.93 198 11 0.76 69.0 17.3 1.16
B1 28-46 5.1 0.60 34 1.00 208 12 0.80 116.6 16.0 1.46
B21 46-76 6.5 0.60 63 1.81 406 21 0.76 25.8 21.6 2.66





















Ap 0-25 6.3 0.83
27. Convent silt loam 
37 1.04 266 11 1.24 51.3 26.0 1.34
Cl 25-46 7.1 0.83 39 1.10 292 12 0.94 32.7 13.5 1.48
C2 46-91 7.9 0.53 53 1.89 274 19 0.54 17.6 5.7 2.10
C3 91-107 8.1 0.10 34 1.13 234 11 0.32 12.5 2.9 0.66
28. Commerce silt loam
Ap 0-30 5.9 0.90 36 1.05 222 12 0.66 70.0 20.6 1.20
B21 30-41 6.9 0.63 42 1.24 249 14 0.42 32.1 12.1 1.18
822 41-64 7.8 0.17 50 1.58 415 17 0.20 11.3 5.8 0.86

















Zn Fe Mn Cu 
------------ ppm--------------
29. Commerce silty clay loam
Ap 0-30 5.9 1.56 89 2.07 543 29 1.88 72.7 55.6 3.68
B21 30-53 6.3 0.80 87 2.28 881 29 1.06 38.2 30.8 3.34
B22 53-107 6.7 0.57 83 2.15 591 28 1.24 39.2 23.6 3.54
30. Commerce silty clay loam
Ap 0-30 7.4 1.20 77 1.77 662 26 1.12 15.2 14.6 2.42
B21 30-53 7.3 0.93 80 1.89 566 27 0.84 18.2 10.7 2.74
B22 53-79 7.7 0.60 83 2.23 721 29 0.50 13.5 9.1 2.24
B3 79-107 7.7 0.53 87 2.35 1042 30 0.66 20.9 10.2 2.48
31. Commerce silty clay loam
Ap 0-25 5.9 1.43 93 2.09 837 31 2.00 75.0 72.2 3.92
B21 25-48 6.2 1.20 94 2.18 793 30 1.60 61.0 65.8 3.92
Table 4. Continued.
Total Contents DTPA-Extractable
Depth PH O.M. Zn Fe Mn Cu Zn Fe Mn Cu
Horizon cm 1:1 % ppm % -----ppm- ------ ppm— -----
B22 48-81 6.7 0.63 88 2.18 780 29 0.92 30.4 21.4 3.04
B3 81-107 6.5 0.63 98 2.41 821 31 1.20 39.5 20.0 3.22
32. Sharkey clay
Ap 0-30 6.2 1.83 99 2.33 743 33 2.24 102.7 55.2 5.12
B21 30-53 6.9 1.40 109 2.74 786 34 1.44 49.7 20.9 4.48
B22 53-107 7.2 1.10 99 2.61 865 33 0.80 31.1 16.7 3.76
33. Commerce silt loam
Ap 0-28 6.6 0.93 50 1.20 326 15 1.24 47.3 35.0 1.72
B21 28-46 7.0 1.06 49 1.26 286 16 1.02 63.3 30.1 2.20
B22 46-76 7.7 0.40 55 1.56 323 18 0.42 18.0 8.4 1.58
















Mn Cu Zn Fe Mn Cu 
-----ppm— •---  ------------ ppm--------------
34. Baldwin silty clay loam
Ap 0-25 6.2 1.70 60 1.69 323 23 0.86 54.4 44.2 2.42
B21tg 25-56 7.6 0.70 90 2.33 351 28 0.20 6.0 7.6 1.40
B22tg 56-86 7.6 0.37 82 2.16 538 27 0.18 4.0 6.2 0.84
B23t 86-102 7.3 0.33 80 2.03 692 24 0.28 6.0 8.4 1.18
35. Bruin very fine sandy loam
Ap 0-33 6.7 0.57 50 1.57 329 17 1.48 18.2 7.8 1.76
B2 33-53 6.7 0.47 55 1.53 387 18 0.76 14.6 8.8 1.56
B3 53-69 7.8 0.47 59 1.73 422 20 0.62 9.7 6.0 1.54





















Ap 0-8 6.1 1.80 84 2.10 645 28 1.68 55.8 38.4 3.26
B21g 8-41 6.2 0.90 94 2.42 674 31 1.56 58.4 33.3 4.17
B22g 41-61 6.7 0.77 107 2.90 786 35 1.80 38.7 32.4 4.26
IIC 61-91 6.7 0.70 108 2.85 741 32 1.59 35.1 29.6 3.99
IIC2 91-122 6.3 0.33 51 1.49 348 17 0.70 26.6 16.3 1.86


















37. Ora fine sandy laom
Ap 0-10 5.5 1.16 19 0.74 256 9 0.42 29.0 55.6 0.24
A2 10-46 4.9 0.27 40 1.69 106 17 0.15 8.6 4.8 0.48
B1 46-66 4.9 0.13 46 1.75 141 17 0.27 8.7 6.9 0.54
B2t 66-107 4.9 0.10 38 1.40 157 11 0.28 6.6 9.2 0.36
38. Ruston fine sandy loam
Ap 0-10 5.7 0.90 17 0.66 372 6 0.33 14.7 72.0 0.39
A2 10-41 5.6 0.27 46 1.78 197 16 0.15 6.0 11.7 0.39
B21t 41-76 5.2 0.17 48 1.97 307 18 0.18 7.4 12.4 0.48




Depth PH O.M. Zn Fe Mn Cu Zn Fe Mn Cu
Horizon cm 1:1 % ppm %
39. Bude silt loam
Ap 0-23 5.0 2.03 17 0.73 197 7 0.60 49.1 19.8 0.38
B21 23-46 5.2 0.33 27 1.56 82 11 0.28 10.5 1.3 0.38
B22 46-71 5.1 0.20 37 1.44 80 14 0.44 4.7 0.2 0.18
A & Bx 71-107 4.8 0.17 38 1.48 84 15 1.16 25.4 2.4 0.72
40. Stough fine sandy loam
Ap 0-13 6.0 2.39 13 1.00 603 7 0.34 66.8 63.0 0.38
AB 13-28 4.3 0.63 23 1.28 285 9 0.18 23.8 39.9 0.36
B21t 28-38 4.3 0.37 41 1.82 101 13 0.20 6.3 12.1 0.18
B22t 38-48 4.2 0.30 67 2.33 144 17 0.18 1.7 2.4 0.10
B23t 48-74 4.4 0.13 40 1.77 91 14 0.24 4.4 3.7 0.14

















Zn Fe Mn Cu 
------------ ppm--------------
41. Bowie very fine sandy loam
Ap 0-15 6.2 1.96 9 0.78 391 7 0.38 16.9 43.4 0.24
A2 15-30 6.0 0.37 13 1.10 181 9 0.20 3.9 14.1 0.24
B21t 30-76 5.1 0.23 27 1.42 57 14 0.22 2.8 1.5 0.16
B22t 76-107 5.0 0.13 24 1.56 44 14 0.32 2.0 1.7 0.20
42. Ruston fine sandy loam
Ap 0-15 5.3 1.23 7 0.38 106 6 0.20 19.9 9.6 0.20
A2 15-41 5.2 0.67 27 1.47 55 15 0.16 4.6 0.6 0.20
B21t 41-69 5.4 0.10 23 1.36 57 13 0.16 1.8 0.2 0.16




















43. Angie very fine sandy loam
Ap 0-13 6.3 3.06 19 0.70 215 8 0.64 38.4 13.6 0.44
A2 13-25 6.4 1.33 9 0.52 109 6 0.16 11.6 4.2 0.22
B21t 25-51 4.9 0.47 30 2.58 45 16 0.20 3.7 0.4 0.24
B22t 51-71 5.0 0.20 25 2.58 35 12 0.20 2.4 0.3 0.28
B23t 71-91 5.0 0.13 22 2.55 33 11 0.18 2.1 0.5 0.24
B31tg 91-122 5.0 0.10 19 2.55 25 11 0.18 2.2 0.6 0.18
44. Ruston fine sandy loam
Ap 0-18 6.0 1.73 22 0.88 147 8 0.50 14.9 14.9 0.26
B21t 18-38 4.9 0.50 44 2.23 111 17 0.20 3.0 0.7 0.14
B22t 38-58 5.0 0.13 30 2.12 92 16 0.18 2.3 0.9 0.12




Depth pH O.M. Zn Fe Mn Cu Zn Fe Mn Cu
Horizon cm 1:1 % ppm %  ppm------  ppm------------
45. Bowie fine sandy loam
Ap 0-18 4.9 2.56 16 0.70 277 8 0.60 43.1 49.0 0.48
B21t 18-46 5.8 0.33 41 2.21 121 17 0.20 3.0 1.8 0.14
B22t 46-64 4.8 0.27 34 1.92 133 16 0.20 . 3.1 3.0 0.14
B23t 64-107 4.9 0.13 34 2.48 63 19 0.20 3.3 0.9 0.14
46. Lakeland loamy fine sand
Ap 0-30 5.9 0.43 11 0.23 115 4 0.28 10.2 8.4 0.20
A2 30-56 5.0 0.10 11 0.27 68 5 0.22 6.2 7.8 0.26
Bl 56-76 5.4 0.10 22 0.70 58 7 0.14 5.2 5.5 0.16




















47. Vaucluse loamy fine sand
Ap 0-23 6.0 0.93 10 0.30 78 3 0.48 12.4 6.9 0.22
A2 23-48 6.3 0.17 11 0.37 86 5 0.14 5.9 2.6 0.20
Bit 48-69 5.3 0.30 31 1.35 43 12 0.14 9.6 2.0 0.24
B2t 69-102 5.1 0.23 36 1.97 46 13 0.20 6.2 0.6 0.22
48. Shubuta fine sandy loam
Ap 0-13 5.2 1.60 23 0.84 63 5 2.61 52.0 16.7 1.00
A3 13-25 6.2 0.37 17 0.86 61 7 0.18 6.1 7.4 0.18
B21t 25-51 5.2 0.43 46 3.10 341 32 0.12 4.1 0.4 0.18
B22t 51-66 4.5 0.27 43 4.55 156 15 0.15 3.8 0.2 0.16
B3t 66-102 4.7 0.20 36 5.20 31 12 0.21 5.0 0.4 0.18
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d. Copper
The total Cu content in the soils from the Red River 
alluvial area are relatively uniform throughout the soil pro­
files as shown in the data presented in Table 2. The total 
Cu content for all of the soils from the area ranged from 12 
to 47 ppm. The data presented in Table 2 show that the More­
land and Latanier clay soils contained relatively high con­
tents of total Cu. Lower amounts were found in the Severn very 
fine sand/ loam soils. The distribution of total Cu in the 
soils appeared to follow that of total Zn very closely. How­
ever, there was approximately two-fold as much total Zn as 
total Cu in the soils from this area. The total Cu did not 
accumulate in any of the horizons of the soils from the Red 
River alluvial area to any great extent. The Moreland,
Latanier, and Norwood soils showed a slight accumulation in 
the surface horizons.
The mean total Cu content in the horizons of the 12 
soils from the Red River alluvial area is presented in Table 8. 
The data show that the mean total Cu content for the Ap, B, and 
C horizons was 25, 33, and 22 ppm, respectively.
The range in the total Cu content for all of the 
soils from the Ouachita River alluvial area was from 9 to 38 ppm 
as presented in Table 3. The data show slight variations in 
the total Cu content among the Hebert and Gallion soils. The
majority of soils contained between 10 and 20 ppm of total Cu 
and there was a tendency for the element to increase slightly 
with increasing depth in the soils. The highest amount of 
total Cu was found in the Perry clay soil. There appeared to be 
an association between total Cu content and the amount of clay 
found in the soils.
The mean total Cu content in the major horizons for 
all of the soils from the Ouachita River alluvial area is 
presented in Table 9. The data show that the mean total Cu 
content in the Ap, A, and B horizons was 13, 12, and 18 ppm, 
respectively.
The data in Table 4 show the amount of total Cu in 
the soils from the Mississippi River alluvial area. The range 
in all of the soils was from 11 to 35 ppm. The total Cu con­
tent in the soils from this area did not differ much from that 
of the soils from the Red River alluvial area. The distribution 
of total Cu was quite uniform from horizon to horizon in the 
soil profiles, but in some soils there was an accumulation in 
the B horizons. The Convent and Commerce silt loam soils 
contained less total Cu than did the more heavy textured Sharkey, 
Tunica, and Baldwin soils. The data suggest that there was a 
relationship between total Cu and clay content in the soils.
The data in Table 10 show that the mean total Cu 
content in the major horizons for all of the soils from the
73
Mississippi River alluvial area was 21, 24, and 10 ppm for the 
Ap, B, and C horizons, respectively. There was a tendency for 
total Cu to increase slightly in the illuvial horizon of the 
soil.
The total Cu content in the soils from the Coastal 
Plain area is presented in Table 5. The data show a range
from 3 to 32 ppm of total Cu for all of the soils. The Ap
horizon of all of the soil profiles contained lower quantities 
of total Cu than did the B or C horizons. The amount of total 
Cu in the plow-layer ranged between 3 and 9 ppm. The data 
indicate that the soil profiles from the Coastal Plain area 
were relatively low in total Cu content. The mean total Cu 
content in all of the soils from the area was 7, 8, and 18 ppm 
in the Ap, A, and B horizons, respectively, as shown in 
Table 11.
The range in the total Cu content for all of the 
soils from the Coastal Prairies area was found to be from 14 
to 43 ppm (Table 6). The data presented in Table 6 show that there 
was an increase in the total Cu content with increasing depth in the 
soil profile. There was greater variations in total Cu within the
soil profile than among the soil profiles in the area. The data also
show a considerable similarity in the total Cu content between the 
soils from the Coastal Prairies and Red River alluvial areas.
The mean total Cu content in the Ap, A, and B horizons 
for all of the soils from the Coastal Prairies area was 21, 22, and 
31 ppm, respectively, as shown in Table 12.
The total Cu content of the 12 soils representative of 
the Mississippi Terraces area is presented in Table 7. Ten of the 
12 soils showed an increase in the amount of total Cu with an
increase in depth. The Falaya and Granada soils showed a slight
surface accumulation of total Cu followed by a decrease with 
increasing depth. The range in the quantity of total Cu in all 
of the soils from the area was from 12 to 49 ppm.
The data in Table 13 show the mean total Cu content in
the major horizon of the 12 soils from the Mississippi Terraces 
area. The mean content in the Ap, A, and B horizons was 20, 23, 
and 32 ppm, respectively.
The total Cu content in all of the soils from the six 
soil areas ranged from 3 to 49 ppm. The majority of the soils 
contained between 15 and 30 ppm. Holmes (1943) compiled the 
analyses of soils in the United States and reported a range from 
2 to 67 ppm. Bandyopodhya and Adhikari (1968) reported a range 
from 19 to 36 ppm total Cu in alluvial soils from West Bengal.
2. DTPA-Extractable Micronutrient Cations
a. Zinc
The DTPA-Extractable Zn in all of the 12 soils from the 
Red River alluvial area is presented in Table 2. The data show a 
range from 0.12 to 1.56 ppm of extractable Zn. Extractable Zn
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decreased with increasing depth in the soil profile for the
majority of soils studied from the area. Two of the 12 soil
profiles contained more than 1.0 ppm of extractable Zn and in the 
Ap horizon. The data in Table 8 show that the mean extractable 
Zn content in the Ap, B, and C horizons of the 12 soils from the 
Red River alluvial area was 0.61, 0.32, and 0.31 ppm, respectively.
The mean extractable Zn content in the B, and C horizons was low 
according to the critical DTPA-extractable Zn level of 0.5 ppm.
The data in Table 3 show the content and distribution of 
DTPA-extractable Zn in the soils from the Ouachita River alluvial 
area. The range in extractable Zn was from 0.10 to 4.04 ppm for
all of the soils and horizons. In general, there was a decrease in
extractable Zn with an increase in soil depth in most of the soils. 
However, Experiment Nos. 13 and 14 (Hebert soils) show an accumulation 
of extractable Zn in the subsurface horizon. In considering the Ap 
horizon of the 12 soil profiles, four soils contained more than 1.00 
ppm of extractable Zn. The mean extractable Zn content for the Ap,
A, and B horizons of the 12 soils from the Ouachita River alluvial 
area was 0.99, 0.74, and 0.58 ppm, respectively (Table 9). The 
majority of soils from the area contained between 0.50 and 1.00 ppm 
of extractable Zn in the Ap horizon.
The extractable Zn content in the soils from the 
Mississippi River alluvial area is presented in Table 4. The 
range for all of the soils in the area was from 1.80 to 2.24 ppm.
The majority of soils from the Mississippi River alluvial area
contained between 1.00 and 2.00 ppm of extractable Zn in the Ap 
horizon. The distribution of extractable Zn content in the soil 
profile decreased with increasing depth. The data in Table 10 
show that the mean extractable Zn content in the Ap, B, and C 
horizons for all of the soils from the Mississippi River alluvial 
area was 1.33, 0.78, and 0.75 ppm, respectively. All of the 
horizons in the soil profile contained extractable Zn above the 
critical level of 0.50 ppm.
The range in DTPA-extractable Zn content in all of the 
soils from the Coastal Plain area was found to be from 0.12 to 
2.62 ppm, as shown in Table 5. The data show that the majority
of the soils from the area were low in extractable Zn. Only the
Ap horizon of the Shubuta soil profile contained more than 1.00 ppm 
of extractable Zn. There was little variation in the quantity of 
extractable Zn among the soil profiles, and there was a decrease 
in the extractable Zn content with an increase in soil depth. The 
mean extractable Zn content in the Ap, B, and C horizons of the 12 
soil profiles from the Coastal Plain area was 0.62, 0.44, and 0.24 
ppm, respectively (Table 11).
The data in Table 6 show the content of DTPA-extractable 
Zn in the 12 soils from the Coastal Prairies area. The amount of
Zn extracted by DTP A ranged from 0.08 to 1.28 ppm in all of the
soils and horizons. The data in Table 12 show that the mean 
extractable Zn content found in the Ap, A, and B horizons of all 
of the soils from the Coastal Prairies area was 0.42, 0.32, and
0.18 ppm, respectively. The relatively higher content of 
extractable Zn found in the surface horizon of the soils may have 
been due to the association of Zn with organic matter which 
accumulates Zn in the form of organic complexes. The Coastal 
Prairies soils were relatively low in extractable Zn content and 
may require the application of fertilizer Zn to meet the Zn 
requirements of certain crops. In contrast to the subsurface 
accumulation of total Zn content in the soils, extractable Zn 
decreased with increasing depth.
The DTPA-extractable Zn content in all of the soils 
from the Mississippi Terraces area ranged from 0.12 to 4.22 ppm, 
as shown in Table 7. Some variation was detected in the profile 
distribution of the extractable Zn content in the soils from the 
area. The Bonn, Olivier, and Calhoun soils show that extractable 
Zn increased with soil depth. The remaining soils show a decrease 
in extractable Zn with an increase in soil depth. The data in 
Table 13 show that the mean extractable Zn content in the Ap, A, 
and B horizons of the 12 soil profiles from the Mississippi Terraces 
area was 0.68, 0.57, and 0.53 ppm, respectively. The majority of 
the soils from the areaWere relatively high in extractable Zn 
particularly in the Ap horizon.
The overall range in the DTPA-extractable Zn content for 
all of the soils from the six major soil areas was from 0.08 to 
4.22 ppm. In general, there was a decrease in extractable zn with 
increasing depth in the profile. This is in agreement with the
data of Follett and Lindsay (1969) who observed a decrease in 
DTPA-extractable Zn content with depth in the profile for some 
Colorado soils. The Mississippi River alluvial soils were 
relatively high in extractable Zn content. Soils from the Coastal 
Prairies area contained lower extractable Zn content than did the 
soils from the remaining five areas. The majority of the soils 
from the Coastal Prairies area were land- leveled for the cultivation 
of rice. Zinc deficiencies are frequently observed on leveled 
sites (Viets, 1951; and Grunes, 1961). There are at least two 
major reasons for this: (1) the exposed subsoil is generally
much lower in organic matter content, and (2) the subsoil is 
frequently higher in soil reaction, pH, and carbonate.
Factors that may have been responsible for the relatively 
low extractable zn content that was found in the majority of soils 
from the six major areas were (1) soil reaction, pH, (2) organic 
matter, and (3) the inherently low total Zn content of the soils.
It has been well documented that the solubility of Zn++ in soils 
decrease with increase in soil reaction, pH, and since the majority 
of the soils that were studied had relatively high pH this factor 
may have been primarily responsible for the low extractable Zn 
content found in the soils.
b. Iron
The data in Table 2 show the DTPA-extractable Fe content 
in all of the soils from the Red River alluvial area. The range 
for all of the soils was from 4.3 to 59.1 ppm. The Severn very fine
sandy loam soil (Experiment No. 9) contained relatively high 
extractable Fe content throughout the entire profile. This high 
amount of extractable Fe may have been related to the relatively
low pH of the soil. The Ap horizon of the Moreland clay soil
was also high in extractable Fe content. The majority of the 
soils from the Red River alluvial area were relatively low in 
DTPA-extractable Fe, and had relatively high soil pH of between 
7.3 to 8.3. These findings indicate that "available" Fe tends 
to decrease as the soil reaction, pH, increases. The data pre­
sented in Table 8 show the mean extractable Fe content in the 
major horizons of the 12 soils from the Red River alluvial area.
The mean quantity of extractable Fe for the Ap, B, and C horizons 
was 15.9, 14.8, and 11.7 ppm, respectively.
The range in extractable Fe content for all of the 
soils from the Ouachita River alluvial area was from 17.0 to 
192.7 ppm as shown in Table 3. The data in Table 3 show that
there was a decrease in extractable Fe content in some of the soils,
and an increase in extractable Fe content in some others. The mean 
extractable Fe content in the Ap, A, and B horizons for all of the 
soils from the area was 81.3, 62.2, and 79.4 ppm, respectively 
(Table 9). The extractable Fe content of the soils was apparently 
associated with soil reaction, pH. The pH value found in most of 
the soils was between 4.7 and 6.5. The relatively low pH of most 
of the soils from the Ouachita River alluvial area may have been 
responsible for the relatively high amounts of extractable Fe found 
in the majority of soils since Fe++ is more soluble at low soil pH.
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The amount of Fe extracted with DTPA in all of the soils 
from the Mississippi River alluvial area ranged from 6.0 to 
116.6 ppm (Table 4). The data in Table 4 show that soils with 
relatively high soil pH of between 7.0 and 8.0 contained considerably 
less extractable Fe than did the soils with lower soil pH of 
between 5.0 and 6.0. Ten of the 12 soils from the Mississippi 
River alluvial area showed a relatively large surface accumulation 
of extractable Fe. In general, there was a decrease in extractable 
Fe content with an increase in soil depth. The data in Table 10 
show that the mean extractable Fe content in the Ap, B, and C 
horizons of the 12 soils from the Mississippi River alluvial area 
was 58.5, 89.9, and 22.8 ppm, respectively.
The data in Table 5 show the DTPA-extractable Fe content 
and distribution in the soils from the Coastal Plain area. A 
range from 1.7 to 66.8 ppm of extractable Fe was found for all of 
the soil. The data show that the Bude, Stough, Angie, Bowie, and 
Shubuta soil profiles contained relatively large amounts of 
extractable Fe particularly in the Ap horizon. Lower extractable 
Fe content was found in the Ruston, Lakeland, and Vaucluse soil 
profiles. The distribution of the extractable Fe content in 
the soil profile showed surface accumulation followed by a 
decrease with an increase in soil depth. The large surface 
accumulation of extractable Fe content in the profile may have 
been due to the relatively high organic matter content and 
relatively low soil pH of the surface horizon. The mean
























49. Crowley silt loam
Ap 0-15 7.1 1.43 28 1.06 697 20 1.28 27.1 22.1 1.30
A2 15-30 7.8 0.70 28 1.62 736 24 0.16 5.7 8.4 0.80
B21t 30-61 7.5 0.60 58 1.74 192 36 0.16 4.9 3.1 0.50
B22t 61-122 7.8 0.23 54 1.78 633 32 0.14 3.0 5.3 0.26
50. Crowley silt loam
Ap 0-15 7.8 0.87 26 1.36 843 22 0.18 10.8 18.0 0.78
A2 15-41 7.1 1.03 38 2.00 1188 31 0.18 12.5 26.5 0.74
B21t 41-61 6.0 1.16 52 1.85 519 33 0.18 14.5 45.0 0.82




















Ap 0-15 6.1 1.46
51. Crowley silt loam 
20 1.06 604 19 0.32 42.7 66.8 1.28
A2 15-30 7.2 0.57 30 1.92 893 24 0.10 4.7 12.5 0.52
B1 30-38 6.7 0.73 42 1.65 162 29 0.08 5.1 6.3 0.38
B21t 38-76 5.5 1.00 64 2.20 433 43 0.14 6.5 12.4 0.32
B22t 76-114 5.7 0.37 46 1.84 1066 32 0.14 4.4 13.9 0.30
52. Crowley silt loam
Ap 0-15 6.6 0.93 20 1.09 657 20 0.38 43.3 54.7 1.44
A2 15-28 7.1 0.57 36 1.58 636 29 0.18 4.1 16.8 0.62
B21t 28-69 5.6 0.83 56 1.92 510 37 0.16 9.3 13.5 0.56



















Ap 0-15 6.7 1.07
53. Crowley silt loam 
22 1.25 587 20 0.20 24.6 46.3 1.10
A2 15-41 5.1 0.87 31 1.65 340 22 0.12 17.8 40.2 0.76
B21t 41-66 5.4 0.87 50 1.88 205 31 0.16 10.8 12.8 0.66
B22t 66-114 7.3 0.33 51 1.92 595 31 0.18 3.5 3.9 0.40
Ap 0-10 7.8 0.93
54.
32
Acadia silt loam 
1.45 913 23 0.64 13.2 18.9 0.92
B21t 10-53 5.6 0.60 42 1.82 472 28 0.14 5.4 10.5 0.24
B22t 53-114 6.2 0.23 34 1.59 409 25 0.12 3.2 6.7 0.26
Ap 0-15 6.5 1.20
55. Crowley silt loam 




















A2 15-23 5.2 0.73 28 1.24 549 22 0.14 18.8 52.0 0.86
B21t 23-53 5.0 1.07 64 1.90 213 37 0.12 7.6 16.4 0.28
B22t 53-117 5.8 0.50 51 1.78 235 32 0.12 7.9 19.0 0.48
56. Acadia silt loam
Ap 0-15 7.4 1.00 28 1.51 883 23 0.28 13.5 40.9 0.94
B21t 15-53 5.7 1.07 57 2.12 174 38 0.18 9.7 12.8 0.46
B22t 53-117 6.6 0.37 52 1.94 658 33 0.14 3.7 10.7 0.36
57. Crowley silt loam
Ap 0-15 7.3 1.10 31 1.60 938 23 0.26 12.1 41.2 0.90
B21t 15-56 7.5 0.63 64 2.03 438 37 0.14 3.8 4.9 0.52

















Zn Fe Mn Cu 
------------ ppm-------------
58. Crowley silt loam
AP 0-13 6.4 1.03 21 1.18 663 20 0.46 33.2 101.4 1.30
A2 13-25 6.6 0.63 26 1.22 502 22 0.26 10.1 44.0 0.80
B21t 25-41 5.4 0.53 29 1.46 741 24 0.30 12.4 16.7 0.66
B22t 41-74 5.2 0.87 57 1.88 123 37 0.26 4.7 7.8 0.34
B23t 74-122 5.7 0.40 46 1.80 290 31 0.28 4.1 15.1 0.36
59. Wrightsville silt loam
Ap 0-18 5.4 1.23 13 0.96 411 14 0.30 47.0 103.0 0.68
A21 18-38 5.0 0.80 14 0.88 508 15 0.20 13.2 64.8 0.46
A22 38-61 5.0 0.60 15 1.03 765 15 0.22 14.0 21.7 0.46
A2 & Bt 61-91 5.0 0.47 24 1.41 264 20 0.22 7.7 19.0 0.42





















60. Iberia silty clay loam
Ap 0-15 7.1 1.70 39 1.41 431 26 0.32 7.8 15.9 1.32
B21 15-30 7.9 0.60 41 1.60 466 28 0.24 3.9 2.4 0.68
B22g 30-53 7.9 0.37 52 1.84 546 30 0.28 2.7 1.3 0.56
B23g 53-117 7.6 0.20 53 1.72 414 25 0.22 2.8 4.2 0.40


















61. Falaya silt loam
Ap 0-10 6.6 1.56 44 0.89 798 22 2.36 40.5 48.0 1.56
Cl 10-31 7.0 0.83 46 0.86 723 22 2.20 20.6 26.8 1.44
C2 31-51 6.9 0.40 50 0.91 824 21 2.30 15.3 33.8 0.96
C3g 51-107 6.9 0.80 49 0.82 1170 21 2.02 18.8 42.2 1.26
62. Granada silt loam
Apl 0-10 5.9 1.00 57 1.56 653 35 0.60 19.2 62.6 0.84
Ap2 10-20 5.8 0.77 58 1.68 660 36 0.48 18.2 60.3 0.76
B2 20-43 4.6 0.30 66 1.94 463 36 0.36 15.7 28.4 0.38
B31 43-56 4.6 0.10 56 1.76 503 30 0.24 11.8 18.3 0.24
B32 56-71 4.7 1.10 50 1.68 411 28 0.24 11.3 13.6 0.28
Ax 71-81 4.7 1.10 47 1.60 364 25 0.22 12.1 11.2 0.30



















63. Bonn silt loam
Ap 0-20 6.0 1.33 29 0.81 450 16 0.96 41.5 56.9 0.92
B2tg 20-36 5.6 0.83 26 0.85 179 15 0.42 41.3 32.5 0.72
B2A 36-76 6.8 0.40 52 1.31 396 23 1.72 15.6 12.4 1.06
B31tg 76-99 8.0 0.13 76 1.67 608 28 1.50 3.8 5.1 0.64
B32tg 99-114 8.2 0.13 63 1.73 710 27 0.60 4.8 5.7 0.48
64. Olivier silt loam
Ap 0-15 5.9 0.83 41 1.08 1119 24 0.60 19.2 77.6 0.56
A2 15-23 5.1 0.40 60 1.76 429 37 19.2 45.8 0.56
B21t 23-38 5.0 0.37 64 2.07 440 43 0.38 19.3 29.9 0.56
B22t 38-56 5.0 0.23 59 1.92 463 41 0.38 17.7 22.1 0.52
B23t 56-76 5.1 0.10 63 2.02 730 42 0.66 20.2 26.0 0.64
00oo
Table 7. Continued.

















Btx & A2x 76-94 5.2 0.10 65 1.92 673 39 0.90 26.1 21.4 0.72
Btx2 & A2x 94-132 5.0 0.10 61 1.90 452 39 0.98 26.5 12.0 0.70
65. Calhoun silt loam
Ap 0-13 6.8 1.70 24 0.74 276 16 0.46 20.8 9.4 0.54
A2 13-30 5.1 0.80 22 0.90 110 16 0.30 67.0 17.8 0.50
Bit 30-53 4.7 0.40 46 1.68 110 33 0.60 53.1 4.2 1.06
B21t 53-71 4.8 0.17 51 1.78 221 35 0.52 31.0 2.6 1.06
B22t 71-86 5.1 0.13 62 1.80 182 42 0.52 21.6 2.4 1.06
B23t 86-122 6.5 0.10 91 2.02 833 49 4.22 8.6 11.3 1.00
66. Olivier silt loam
Ap 0-18 5.2 1.10 36 0.97 821 22 0.56 23.8 90.7 0.56
00
Table 7. Continued.
_______ Total Contents________  DTPA-Extractable_______
Depth pH O.M. Zn Fe Mn Cu Zn Fe Mn Cu
Horizon cm 1:1 % ppm %  ppm------  ppm-----------
A2 18-23 5.1 0.40 35 0.94 1137 21 0.20 22.7 55.9 0.42
B21t 23-41 5.0 0.23 40 1.03 1018 23 0.22 19.0 54.3 0.40
B22t 41-51 5.0 0.17 45 1.27 509 27 0.42 20.5 47.0 0.50
B23t 51-76 4.9 0.17 73 2.02 624 48 0.62 17.6 38.1 0.56
Btx & A2x 76-89 5.0 0.17 65 1.99 943 41 0.78 21.2 43.2 0.72
Btx2 & Ax2 89-132 5.0 0.13 68 1.88 1198 41 1.32 27.2 51.6 0.92
67. Providence! silt loam
Ap 0-10 5.1 1.40 26 0.96 113 16 0.28 22.6 11.0 0.40
A2 10-36 5.2 0.43 42 1.78 100 30 0.16 4.4 0.8 0.26
B1 36-46 5.3 0.13 28 1.47 97 23 0.22 4.8 0.7 0.28
B21t 46-69 5.2 0.10 25 1.23 85 18 0.22 4.4 0.6 0.32




















68. Lexington silt loam
Ap 0-15 5.3 1.10 19 0.62 338 12 0.38 19.7 47.0 0.38
B21t 15-46 5.2 1.37 43 1.34 217 25 0.20 4.6 29.8 0.32
B22t 46.84 5.0 0.20 52 1.60 213 31 0.18 4.1 8.6 0.32
IIB3t 84-107 5.0 0.10 38 1.20 180 25 0.22 6.0 8.2 0.42
69. Lexington silt loam
Ap 0-15 6.6 2.13 22 0.91 183 17 0.48 15.8 25.8 0.38
B21t 15-56 5.3 0.40 29 1.42 68 24 0.12 2.8 0.9 0.22
B22t 56-107 5.1 0.30 31 1.86 65 27 0.12 3.8 0.6 0.30
70 Providence silt loam

















Cu Zn Fe 
---- ppm-
Mn Cu
B21t 23-51 4.8 0.33 31 0.96 89 2 1 0 . 1 2 3.7 5.6 0.26
Bxl 51-71 4.7 0.23 42 1.25 87 28 0.18 2 . 0 4.8 0 . 2 2
Bx2 71-107 4.5 0.13 32 1.44 85 36 0.15 3.2 5.7 0.30
71. Jeanerette silt loam
Ap 0 - 2 0 6.4 1 . 8 6 35 0.90 535 24 0.40 17.4 40.3 1.42
B21tg 20-36 7.3 1.73 79 1.60 698 42 0 . 2 0 4.9 4.3 1.38
B2tCag 36-71 8 . 0 1 . 1 0 62 1.65 647 34 0.16 3.6 2 . 0 0.80
B23tg 71-107 8 . 0 0.37 6 6 1 . 8 8 1346 38 0.14 2.3 2 . 8 0.44
72. Menphis silt loam
Ap 0-30 4.9 1 . 6 6 38 1.48 2229 25 0.82 53.0 76.0 1.06
B21t 30-61 4.6 0.83 6 6 1.70 341 45 0 . 1 2 21.7 5.7 0.60
B22t 61-102 4.9 0.50 67 1.74 720 46 0 . 1 2 16.6 5.8 0.44
kDfO
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extractable Fe content in the Ap, A, and B horizons of the 12 soils 
from the Coastal Plain area was 30.6, 21.0, and 5.7 ppm, 
respectively (Table 11).
The DTPA-extractable Fe content of the soils from the 
Coastal Prairies area is presented in Table 6 . A range from 2.7 
to 47.0 ppm of extractable Fe was found for all of the soils from 
the area. The distribution of DTPA-extractable Fe content in the 
soils from the Coastal Prairies area was somewhat similar to that 
in the other soil areas studied. In general, there was a decrease 
in extractable Fe with an increase in soil depth. The majority of 
the soils with relatively low soil pH contained relatively large 
amounts of extractable Fe. This finding appeared to be consistent 
with the finding from the other soil areas that soil pH may have 
had some effect on the amount of extractable Fe in the soils. The 
data presented in Table 12 show the mean DTPA-extractable Fe con­
tent in the major horizons of the 12 soils from the Coastal Prairies 
area. The mean extractable Fe content in the Ap, A, and B horizons 
was 25.4, 19.3, and 5.8 ppm, respectively.
The data presented in Table 7 show the content of DTPA- 
extractable Fe in the soils from the Mississippi Terraces area.
The range in extractable Fe was from 2.0 to 67.0 ppm. The data show 
that the distribution of extractable Fe content in the soil profiles 
were somewhat irregular. The Granada and Olivier soils showed little 
variation with depth in the profile. The Calhoun soil showed a 
subsurface accumulation followed by a decrease with soil depth.
The Falaya, Bonn, Providence, Lexington, Jeanerette and Memphis 
soils showed a surface accumulation followed by a decrease with 
soil depth. The mean extractable Fe content in the Ap, A, and B 
horizons of the 12 soils from the Mississippi Terraces area was 
26.2, 26.2, and 14.2 ppm, respectively (Table 13).
The soils from the six major soil areas contained from
1.7 to 192.7 ppm of extractable Fe content. Follett and Lindsay
(1969) reported a range from 1.5 to 160.0 ppm of extractable Fe 
content for Colorado soils using DTPA as the soil extractant.
Soils from the Ouachita River alluvial area contained relatively 
high amounts of DTPA-extractable Fe, whereas the soils from the 
Red River alluvial area were found to contain relatively low 
extractable amounts of the element. From the standpoint of 
agronomic crop production all of the soils contained adequate to 
high amounts of DTPA-extractable Fe content.
c. Manganese
The DTPA-extractable Mn content in the soils from the
Red River alluvial area is presented in Table 2. The range in
extractable Mn content for all of the soils was from 2.4 to 24.4 
ppm. The data show that there was a relatively small surface 
accumulation of extractable Mn content in the soils. In general, 
there was a decrease in the amount of extractable Mn with increas­
ing soil depth. The pH of practically all of the soils in the 
area were between 7.0 and 8.0. This relatively high pH may have 
been responsible for the relatively low extractable Mn found in
the soils. The mean extractable Mn content in the Ap, B, and C 
horizons of all of the soils from the Red River alluvial area was 
10.6, 9.6, and 5.4 ppm, respectively (Table 8 ).
The data in Table 3 show the extractable Mn content in 
the soils from the Ouachita River alluvial area. The distribution 
of extractable Mn in the soil profiles were found to be similar 
to that of the soils from the Red River alluvial area, but the 
Ouachita River alluvial soils contained approximately twice as 
much extractable Mn. The range in extractable Mn for all of the 
soils in the Ouachita River alluvial area was from 1.6 to 38.6 ppm. 
The mean extractable Mn content in the Ap, A, and B horizons of 
the 12 soils was 22.8, 18.2, and 6 . 6  ppm, respectively (Table 9). 
The data in Tables 3 and 9 show a decrease in the amount of 
extractable Mn with increasing soil depth.
The DTPA-extractable Mn content in the soils from the 
Mississippi River alluvial area is shown in Table 4. The data 
show that higher content of extractable Mn was found in the Ap 
horizon of the profiles. The Ap horizon also contained relatively 
high amount of organic matter, and relatively low pH. The 
accumulation of organic matter in the surface layer together with 
the low soil pH apparently provided the essential environment for 
the concentration of the extractable Mn content. The relatively 
high amount of extractable Mn in the surface horizon was followed 
by an abrupt decrease in the lower horizons of the soils. For all 
of the soils from the area, the range in the extractable Mn content
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was from a low of 2.9 ppm in the C3 horizon of the Convent soil, 
to a high of 72.2 ppm in the Ap horizon of the Commerce soil.
The mean extractable Mn content in the Ap, B, and C horizons was 
34.5, 16.7, and 11.1 ppm, respectively (Table 10).
The DTPA-extractable Mn in the soils from the Coastal 
Plain area had a range from 0.2 to 72.0 ppm (Table 5). The data 
in Table 5 show that the distribution of the extractable Mn in 
the soils from the Coastal Plain area followed that of extractable 
Fe very closely. There was a relatively large surface accumulation 
of extractable Mn followed by an abrupt decrease with an increase 
in soil depth. Apparently the surface accumulation of the element 
was due to a combination of soil pH and organic matter content.
The mean extractable Mn content in the Ap, A, and B horizons of 
the 12 soils from the Coastal Plain area was 31.1, 21.3, and 3.8 
ppm, respectively (Table 11).
The data in Table 6  show the DTPA-extractable Mn content 
of the 12 soils from the Coastal Prairies area. A range of 1.3 to 
103.0 ppm of extractable Mn was found for all of the soils. The 
data show that the majority of soils from the area contained 
relatively large amounts of extractable Mn. Eight of the 12 soils 
contained more than 40.0 ppm of extractable Mn in the Ap horizon.
In general, there was a decrease in the amount of extractable Mn 
with an increase in soil depth. It is difficult to pinpoint the 
exact reason for the relatively high extractable Mn content found 
in the Ap horizon of the soils. The amount of organic matter and soil
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pH have been reported to have a large influence on the extractable 
Mn content in soils (Follett and Lindsay, 1969). The mean 
extractable Mn content in the major horizons of the 12 soils from 
the Coastal Prairies area is presented in Table 12. The data show 
that the mean extractable Mn content in the Ap, A, and B horizons 
was 47.7, 40.9, and 11.0 ppm, respectively.
The extractable Mn content in the soils from the Mississippi 
Terraces area is presented in Table 7. The range in extractable Mn 
in all of the soils was from 0.6 to 90.7 ppm. High amounts of 
extractable Mn was found in the Ap horizon of most of the soil 
profiles. The tendency in the distribution of the element in the 
soil profile was a decrease with an increase in soil depth. The 
data in Table 13 show that the mean extractable Mn content in the 
Ap, A, and B horizons of the 12 soil profiles from the Mississippi 
Terraces area was 47.6, 44.3, and 15.2 ppm, respectively.
The range in the DTPA-extractable Mn content in all of 
the soils from the six major soil areas varied from a low of 0 . 2  
ppm in the Coastal Plain area, to a high of 103.0 ppm in the 
Coastal Prairies area. Follett and Lindsay CL969) reported that 
soils in Colorado ranged from 0.6 to 39.5 ppm in extractable Mn 
content. Walker and Barber (1960) reported a range from 0.0 to78.5 
ppm of exchangeable Mn for 12 Indiana soils.
In general, the six soil areas in this study may be 
grouped into three classes in terms of the amount of DTPA- 
extractable Mn found in the soils: (1) the soil areas with the
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Table 8 . The
the
mean micronutrient cation 
Red River Alluvial area.








Zn Fe Mn Cu
fo - -- ppm --------
Ap 53 1.83 324 25 0.61 15.9 10.6 1.76
B 77 2 . 8 8 512 33 0.32 14.8 9.6 1 . 8 6
C 46 1.74 293 22 0.31 11.7 5.4 1.29
Table 9. The
the
mean micronutrient cation content 
Ouachita River Alluvial area.




Fe Mn Cu Zn 
% -- ppm--- ------
Fe Mn Cu 
...... PPtn...............
Ap 30 0.94 175 13 0.99 81.3 2 2 . 8 0.90
A 27 0.87 173 1 2 0.74 62.2 18.2 0.75
B 48 1.76 149 18 0.58 79.4 6 . 6 1.23
Table 1 0 . The mean micronutrient cation content of 12 soil profiles from 









Cu Zn Fe Mn
-PPm........
Cu
Ap 62 1.57 446 2 1 1.33 58.5 34.5 2.47
B 73 1.95 563 24 0.78 29.9 16.7 2.36
C 57 1.69 378 19 0.75 2 2 . 8 1 1 . 1 1.99
Table 11. The
the
mean micronutrient cation 
Coastal Plain area.








Zn Fe Mn Cu
fa •-ppm------
Ap 15 0 . 6 6 235 7 0.62 30.6 31.1 0.37
A 18 0.80 184 8 0.44 2 1 . 0 21.3 0.33
B 33 2.04 104 14 0.24 5.7 3.8 0.24
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Table 12. The mean micronutrient cation content of 12 soil profiles from 









Cu Zn Fe Mn 
....... ppm....... .
Cu
Ap 25 1.26 708 2 1 0.42 25.4 47.7 1 . 1 1
A 26 1.35 696 2 2 0.32 19.3 40.9 0.92
B 49 1.80 450 31 0.18 5.8 11.0 0.43
Table 1 3 . The mean micronutrient cation content of 12 soil profiles from 
the Mississippi Terraces area.







Cu Zn Fe Mn Cu
to -ppm------
Ap 33 1 . 0 0 663 2 0 0 . 6 8 26.2 47.6 0.76
A 36 1 . 1 2 611 23 0.57 26.2 44.3 0 . 6 8
B 52 1.62 444 32 0.53 14.2 15.2 0.56
highest amounts of extractable Mn wete th.e Coastal Prairies and 
Mississippi Terraces, (2) the soil areas with the lowest amounts 
of extractable Mn were the Red and Ouachita Rivers alluvium, and 
(3) the soil areas that fell between the highest and the lowest 
amounts of extractable Mn were the Mississippi River alluvium, 
and Coastal Plain. The variations in the content of extractable 
Mn in the soils may have been due to several factors. Christensen 
et al. (1950) stated that the status of Mn in soils is affected 
by soil moisture, temperature, pH, and organic matter content.
d. Copper
The DTPA-extractable Cu content in the soils from 
the Red River alluvial area is presented in Table 2. The data 
show that the distribution of extractable Cu content in the soils 
followed that of extractable Zn moreso than for the other extract- 
able micronutrient cations Fe and Mn. While there was an increase 
in extractable Cu content with increasing depth in some soil 
profiles, some other profiles showed the amount of extractable 
Cu to decrease with an increase in soil depth. In general, 
there was little variation in the extractable Cu content in the 
soils from the area. The range in extractable Cu content in all 
of the soils was from 0.36 to 4.72 ppm (Table 2). The mean 
extractable Cu content in the major horizons of the 12 soils from 
the Red River alluvial area is shown in Table 8 . The data show that 
the mean value for the Ap, B, and C horizons was 1.76, 1.86, and 
1.29 ppm, respectively.
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The data in Table 3 show the DTPA-extractable Cu content 
in the soils from the Ouachita River alluvial area. The majority 
of the soils showed a slight increase in the amount of extractable 
Cu with an increase in soil depth. The range in the extractable 
Cu content in all of the soils from the Ouachita River alluvial 
area was from 0.32 to 3.34 ppm (Table 3). The mean extractable 
Cu content in the Ap, A, and B horizons of the 12 soils from the 
Ouachita River alluvial area was 0.90, 0.75, and 1.23 ppm, 
respectively as shown in Table 9.
The data in Table 4 show the quantity of extractable Cu 
in the soils from the Mississippi River alluvial area. In general, 
the distribution of extractable Cu content in the soil profiles 
was quite uniform. The soils with the heavy textures such as the 
Sharkey and Tunica clay soils contained relatively large amounts 
of extractable Cu. It appeared that the extractable Cu was more 
related to clay content than to soil pH or organic matter. The 
range in the extractable Cu in all of the soils in the area was 
from a low of 0.66 ppm in the C3 horizon of the Convent soil, 
to a high of 5.12 ppm in the Ap horizon of the Sharkey soil. The 
data in Table 10 show that the mean extractable Cu content in 
the Ap, B, and C horizons of the 12 soils from the Mississippi River 
alluvial area was 2.47, 2.36, and 1.99 ppm, respectively.
The range in extractable Cu in all of the soils from 
the Coastal Plain area was from 0.10 to 1.00 ppm (Table 5). The 
data in Table 5 show that the majority of the soils contained between
0.14 and 0.30 ppm extractable Cu. The soils from the area were
relatively low in extractable Cu content and there was a decrease 
in the element with an increase in soil depth. The mean extractable 
Cu content in the Ap, A, and B horizons of the 12 soils from the 
Coastal Plain area was 0.37, 0.33, and 0.24 ppm, respectively 
(Table 11) .
The DTPA-extractable Cu content in the soils from the 
Coastal Prairies area is presented in Table 6 . The data show that 
there was a decrease in extractable Cu with increasing depth in 
the soil profile. The range in extractable Cu in the soils from 
the area was from a low of 0.26 ppm in the B22t horizon of the 
Acadia soil, to a high of 1.44 ppm in the Ap horizon of the 
Crowley soil. In the 12 soils from the Coastal Prairies area 
the mean extractable Cu content for the Ap, A, and B horizons was 
1.11, 0.92, and 0.43 ppm, respectively as shown in Table 12.
The data presented in Table 7 show that the extractable 
Cu content in the soils from the Mississippi Terraces area was 
relatively low. The extractable Cu content ranged from 0«22 to 
1.56 ppm. Mean extractable Cu content of 0.76, 0.68, and 0.56 ppm 
was obtained for the Ap, A, and B horizons of the 12 soils from 
the Mississippi Terraces area.
The range in the DTPA-extractable Cu content in the soils 
from the six major areas was from 0.10 ppm in the Coastal Plain 
area to 5.12 ppm in the Mississippi River alluvial area. Using 
DTPA as extractant Follett and Lindsay (1969) found that the 
range in extractable Cu for some Colorado soils was from 0.14 to
3.68 ppm. In all of the soil areas there appeared to be an 
association between extractable Cu content and the amount of clay 
in the soils.
B. Profile Distribution of DTPA-Extractable and Total Zinc,
Iron, Manganese, and Copper
The profile distribution of the DTPA-extractable and total 
Zn, Fe, Mn, and Cu contents of some of the soil profiles used in 
this investigation is presented in Figures 2-25. These figures 
are presented to illustrate the distribution patterns of the 
micronutrient cations in the soils.
The distribution pattern of DTPA-extractable Zn, Fe, Mn, and 
Cu that is representative of the soils from the Red River alluvial 
area is illustrated by the Norwood soil, Figure 2. The data show 
that extractable Zn and Cu decreased very gradually down the soil 
profile. Extractable Mn and Fe decreased sharply from the surface 
horizon with increasing depth in the soil profile.
The data in Figure 3 show the distribution of the total micro­
nutrient cations in the Norwood soil. Total Cu and zn were quite 
uniformly distributed in the profile. Total Fe increased slightly 
in the subsurface horizon then decreased with depth, whereas total 
Mn decreased continuously with soil depth. The distribution of the 
mean DTPA-extractable micronutrient cations in the major horizons 
of the 12 soils from the Red River alluvial area is presented 
in Figure 4. The data show a slight increase in extractable Cu in 
the B horizon. The extractable Zn decreased with increasing soil
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depth. The sharpest decrease was observed for extractable Fe and Mn 
which showed relatively large surface accumulation.
The data in Figure 5 show the distribution of the mean total 
micronutrient cations in the soils from the Red River alluvial 
area. There was a sharp increase in the total micronutrient cation 
in the subsurface B horizon. The total Fe and Mn increased 
significantly in the B horizon and then decreased with increasing 
soil depth.
The Hebert profile (Figure 6 ) is a good example of the DTPA- 
extractable micronutrient cations status in the soils from the 
Ouachita River alluvial area. The data in Figure 6  show that 
extractable Zn and Cu decreased in the subsurface horizon, and 
then increased in the B horizons. Extractable Mn decreased 
sharply from the Ap to the lower horizons, whereas extractable Fe 
increased in the Bit horizon followed by a gradual decrease down 
the profile.
The data in Figure 7 show the distribution of the total Zn,
Fe, Mn, and Cu in the Hebert profile from the Ouachita River 
alluvial area. Total Zn, Fe, and Cu increased from the surface 
horizon throughout the soil profile. There was an accumulation of 
total Zn, Fe, and Cu in the B horizon. Total Mn, however, show a 
slight increase in the subsurface horizon, decreased sharply with 
depth in the Bit horizon followed by a slight increase throughout 
the rest of the profile.
The data in Figure 8  show that the mean extractable micro­


















2. Profile distribution of DTPA-Extractable Zn, Fe, Mn,
and Cu in Norwood silt loam (Experiment No. 2) from the 
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Fig. 4. Profile distribution of the mean DTPA-Extractable Zn, 
Fe, Mn, and Cu in 12 soil profiles from the Red River 
APuvial Area.
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Ouachita River alluvial area followed the same general distribution 
pattern as did that of the Hebert soil (Figure 6 ). The mean 
extractable Zn and Mn decreased with increasing soil depth, and 
extractable Cu increased with increasing soil depth. The mean 
extractable Fe decreased sharply in the A horizon and then increased 
in the B horizon.
The distribution of the mean total tnicronutrient cations in 
the major horizons of the 12 soil profiles from the Ouachita 
River alluvial area is presented in Figure 9. The data show that 
the mean total Zn, Fe,. and Cu contents increased from the surface 
horizon with depth in the profile, with a slight decrease in the 
mean total Zn and Fe contents in the A horizon. The mean total 
Mn decreased with increasing soil depth.
The Tunica soil from the Mississippi River alluvial area is a 
good example to illustrate the distribution of the extractable 
micronutrient cations found in the heavy textured soils. The 
data in Figure 10 show there was a slight increase in extractable 
Cu and Fe in the subsurface horizon. The extractable Fe decreased 
sharply from the subsurface horizon with an increase in soil depth, 
while extractable Cu remained relatively uniform in the B horizons 
before decreasing with soil depth. Extractable Mn showed its 
highest concentration in the surface horizon, decreased slightly 
in the B horizons and then decreased sharply in the C horizons.
The distribution of the total raicronutrient cations in the 
Tunica soil profile is presented in Figure 11. The data show a
definite accumulation of total Fe and Mn in the B horizons, 
followed by a sharp decrease with an increase in soil depth.
Total Zn and Cu also increased in the B horizons of the profile 
but to a lesser degree than total Fe or Mn.
The distribution of the mean DTPA-extractable micronutrient 
cations in the major horizons of the 12 soils from the Mississippi 
River alluvial area is presented in Figure 12. The data show 
sharp reductions in extractable Fe and Mn from the surface to
30 cm depth. Further decreases were noted for extractable Fe
and Mn as the depth was increased from 30 to 75 cm. Extractable 
Cu was uniformly distributed throughout the soil profile. The 
highest content of extractable Zn was noted in the surface horizon 
followed by a decrease with increasing soil depth.
The data in Figure 13 show the mean total Zn, Fe, Mn, and Cu
contents in the 12 soils from the Mississippi River alluvial area. 
The distribution of the mean total Zn and Cu remained relatively 
uniform throughout the profile. There were sharp increases in 
the mean total Fe and Mn contents in the B horizon, followed by 
a sharp decrease down the soil profile.
The soil profiles from the Coastal Plain area show a 
relatively large surface accumulation of the DTPA-extractable 
micronutrient cations, followed by an abrupt decrease in extract- 
able Fe and Mn in the lower horizons of the profiles. The Angie 
soil profile (Figure 14) illustrates the kind of distribution 
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Fig. 6. Profile distribution of DTPA-Extractable Zn, Fe, Mn,
and Cu in Hebert very fine sandy loam (Experiment No. 21) 
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Fig. 7 . Profile distribution of Total Zn, Fe, Mn, and Cu in 
Hebert very fine sandy loam (Experiment No. 21) 
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Fig. 8 . Profile distribution of the mean DTPA-Extractable Zn, 
Fe, Mn, and Cu in 12 soil profiles from the Ouachita 
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Fig. 9 . Profile distribution of the mean Total Zn, Fe, Mn, and
Cu in 12 soil profiles from the Ouachita River Alluvial
Area.
in some of the soil profiles from the Coastal Plain area. While 
DTPA-extractable Cu and Zn decreased very gradually down the 
profile, extractable Fe and Mn decreased very sharply from 
relatively high levels in the A horizons to relatively low levels 
in the B horizons, followed by a gradual decrease down the profile. 
This seemed to indicate that there was leaching of extractable 
Fe and Mn from the surface into the lower horizons.
The distribution of the total micronutrient cations in the 
Angie soil profile from the Coastal Plain area is presented in 
Figure 15. The data show that total Zn and Cu decreased from the 
surface to the A2 horizon, then increased to the B horizon and 
remained relatively uniform throughout the rest of the profile.
The total Fe showed a very sharp increase from the A2 to the B 
horizon, then remained relatively uniform in the profile. The 
total Mn decreased abruptly from the Ap to the B horizon followed 
by a gradual decrease with depth in the profile.
The data in Figure 16 show the mean DTPA-extractable micro­
nutrient cations in the major horizons of the 1 2  soil profiles 
from the Coastal Plain area. The distribution pattern for DTPA- 
extractable Zn, Fe, Mn and Cu in the profile showed much similarity 
to that for the Angie soil profile shown in Figure 14. The surface 
horizon contained the highest concentrations of DTPA-extractable 
micronutrients followed by a sharp decrease of extractable Fe and 
Mn, and to a lesser degree for extractable Cu and zn.
The mean total Zn, Fe, Mn, and Cu contents in the major 
horizons of the 12 soils from the Coastal Plain area is shown in
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Figure 17. The mean total Zn and Cu increased gradually in the 
profile with increasing soil depth, while the mean total Fe 
content showed a sharp increase with an increase in soil depth.
Total Mn decreased very sharply from the surface to the lower 
horizons in the profile.
Figure 18 illustrates the distribution of the DTPA-extractable 
Zn, Fe, Mn, and Cu in the Acadia profile from the Coastal Prairies 
area. The pattern in the distribution of the extractable micro­
nutrient cations appeared to be consistent. There was a sharp 
decrease in extractable Zn and Cu from the Ap to the B21t horizon, 
followed by a relatively small decrease down the soil profile.
There was a pronounced decrease for extractable Fe and Mn from 
the Ap to the B22t horizon.
The profile distribution of the total micronutrient cations 
in the Acadia profile is presented in Figure 19. The data show 
that the distribution of total Zn and Cu remained relatively uniform 
throughout the soil profile, except for a slight increase in the 
B21t horizon. Total Mn decreased sharply from the Ap to the B21t 
horizon followed by a gradual decrease down the profile. Total Fe 
increased with depth to the B21t horizon and then decreased with 
increasing depth.
The mean DTPA-extractable Zn, Fe, Mn, and Cu in the major 
horizons of the 12 soils from the Coastal Prairies area is presented 
in Figure 20. The data show that extractable Zn, Fe, Mn, and Cu 
decreased with depth from the surface to the B horizon then showed
114
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Fig.10. Profile distribution of DTPA-Extractable Zn, Fe, Mn, 
and Cu in Tunica clay (Experiment No. 36) from the 
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Fig. 11. Profile distribution of Total Zn, Fe, Mn, and Cu in
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Fig. 13. Profile distribution of the mean Total Zn, Fe, Mn, and















Fig. 14. Profile distribution of DTPA-Extractable Zn, Fe, Mn, 
anu Cu in Angie fine sandy loam (Experiment No. 43) 
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Fig. 15. Profile distribution of Total Zn, Fe, Mn, and Cu in


























Fig. 16. Profile distribution of the mean DTPA-Extractable Zn, 
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Fig. 17. Profile distribution of the mean Total Zn, Fe, Mn, and
Cu in 12 soil profiles from the Coastal Plain Area.
no further reduction. The extractable Fe and Mn decreased sharply 
with increasing soil depth.
The mean total micronutrient cations in the soils from the 
Coastal Prairies area is shown in Figure 21. The mean total Zn 
and Cu contents in the soil profile increased gradually to the B 
horizon. The mean total Fe content increased sharply from the A 
to the B horizon, whereas the mean total Mn content decreased 
abruptly from the A to the B horizon.
The profile distribution of the DTPA-extractable Zn, Fe, Mn, 
and Cu in the Bonn silt loam profile from the Mississippi Terraces 
area is presented in Figure 23. The extractable Zn and Cu decreased 
slightly in the B2tg horizon then increased in the B2A horizon 
and followed by a gradual decrease down the profile. The extract- 
able Fe remained relatively uniform in the Ap horizon then decreased 
sharply from the B2tg to the B31tg horizon followed by a slight 
increase with increasing soil depth. The extractable Mn decreased 
quite sharply from the surface to the B2A horizon followed by a 
gradual decrease to the B31tg horizon, and then increased slightly 
in the B32tg horizon.
The data in Figure 23 show the distribution of the total 
micronutrient cations in the Bonn silt loam profile. The total 
Zn and Cu stayed relatively uniform up to the 20 cm depth and then 
increased gradually with depth to the 75 cm mark. Total Fe 
decreased slightly in the subsurface B2tg horizon followed by a 
sharp increase down the soil profile. The total Mn decreased 
sharply in the subsurface horizon and then increased sharply with 
depth in the profile.
The mean DTPA-extractable Zn, Fe, Mn, and Cu contents 
in the major horizons of the 12 soils from the Mississippi Terraces 
area is presented in Figure 24. The extractable Zn and Cu 
decreased slightly and in about equal proportions from the surface 
to the lower horizons. The B horizon contained smaller amounts 
of extractable Fe and Mn than did the Ap and A horizons. There 
was a relatively uniform distribution of the extractable Fe and 
Mn throughout the B horizon of the soil profile.
The profile distribution of the mean total micronutrient 
cations in the Ap, A, and B horizons of the soils from the 
Mississippi Terraces area is presented in Figure 25. The mean 
total Zn and Cu were uniformly distributed in the Ap horizon, but 
there were increases from the A to the B horizons. The mean total 
Fe increased with depth from the Ap to the B horizon. The total 
Mn decreased sharply from the Ap to the B horizon and then remained 
relatively uniform throughout the B horizon of the profile.
C. Statistical Considerations
1. Relationships of Total and DTPA-Extractable Zinc, Iron, 
Manganese, and Copper as Indicated by Simple Correlation 
Coefficients 
a. Zinc
The amount of total Zn found in the soils from the Red 
River alluvial area was correlated with total amounts of Fe, Mn 
and Cu (Table 14). The data indicate that soils containing high 
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Fig. 18. Profile distribution of DTPA-Extractable Zn, Fe, Mn, 
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Fig. 19. Profile distribution of Total Zn, Fe, Mn, and Cu in
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Fig. 20. Profile distribution of the mean DTPA-Extractable Zn, 
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Fig. 21. Profile distribution of the mean Total Zn, Fe, Mn, and
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Fig. 22. Profile distribution of DTPA-Extractable Zn, Fe, Mn, 
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Fig. 23. Profile distribution of Total Zn, Fe, Mn, and Cu in

























Fig. 24. Profile distribution of the mean DTPA-Extractable Zn,
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Fig. 25. Profile distribution of the mean Total Zn, Fe, Mn, and
Cu in 12 soil profiles from the Mississippi Terraces
Area.
Total Zn was not correlated with. DTPA-extractable Zn and Mn.
This is an indication that the amount of Zn and Mn extracted by 
DTPA was not dependent upon the total Zn and Mn found in the 
soils. Total Zn was positively correlated with DTPA-extractable 
Fe and Cu, and also with organic matter content in the Ap horizons.
The DTPA-extractable Zn was positively correlated with 
DTPA-extractable Cu in all of the horizons, but with DTPA-extract­
able Fe only in the C horizons (Table 15). An inverse relationship 
was found between extractable Zn and soil reaction, pH, where 
DTPA-extractable Zn was negatively correlated with soil reaction, 
pH, in the C horizon. This finding emphasize the established fact 
that available Zn tends to decrease as soil reaction, pH, increases.
A highly significant positive relationship was obtained between 
DTPA-extractable Zn and organic matter but only in the B horizon.
Soils from the Ouachita River alluvial area showed total 
Zn to be positively correlated with total amounts of Fe and Cu 
(Table 22). Total Zn showed no relationship with total Mn except 
in the B horizon. There were highly significant positive relation­
ships between total Zn and DTPA-extractable Zn, Fe, and Cu.
Organic matter was also positively correlated with total zn.
When the data of the soils from the Ouachita River 
alluvial area was analyzed statistically they show that DTPA-extract­
able Zn was positively correlated with DTPA-extractable Cu in all 
of the horizons, and with extractable Fe and Mn in the Ap and A, 
and B horizons, respectively (Table 23). A highly significant
Table 14. Simple correlation coefficients (r) between total Zn and certain chemical properties of
major horizons of the 12 selected soils from the Red River Alluvial Area.
Total Contents DTPA-Extractable pH O.M.































^Significant at the 
**Significant at the
5% level of probability. 
1 % level of probability.
Table 15. Simple correlation coefficients (r) between DTPA-Extractable Zn and certain chemical 
properties of major horizons of the 12 selected soils from the Red River Alluvial Area •
DTPA-Extractable Total Contents PH O.M.































^Significant at the 57. level of probability.
**Significant at the 17. level of probability.
Table 16. Simple correlation coefficients (r) between total Fe and certain chemical properties of
major horizons of the 12 selected soils from the Red River Alluvial Area.
Total Contents DTPA-1Extractable PH O.M.







0 .8 8 **
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*Significant at the 5% level of probability. 
**Significant at the 17. level of probability.
Table 17. Simple correlation coefficients (r) between DTPA-Extractable Fe 
properties of major horizons of the 1 2  selected soils from the
and certain chemical 
Red River Alluvial Area.
DTPA-Ex trac table Total Contents PH O.M.































*Significant at the 5% level of probability.
**Significant at the 17„ level of probability.
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Table 18. Simple correlation coefficients (r) between total Mn and certain chemical properties of
major horizons of the 12 selected soils from the Red River Alluvial Area.
Total Contents DTPA-Extractable PH O.M.
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0.74
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0 .8 8 *
0.39*
*Significant at the 5% level of probability. 
**Significant at the 1% level of probability.
Table 1 9 . Simple correlation coefficients (r) between DTPA-Extractable Mn and certain chemical 
properties of major horizons of the 12 selected soils from the Red River Alluvial Area.
DTPA-Extractab1e Total Contents PH O.M.































*Significant at the 5% level of probability.
**Significant at the 1% level of probability.
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Table 20. Simple correlation coefficients (r) between total Cu and certain chemical properties of
major horizons of the 12 selected soils from the Red River Alluvial Area.
Horizons
Total Contents DTPA-Extractable pH
1 : 1
O.M.
%Zn Fe Mn Zn Fe Mn Cu
Ap 0.96** 0.97** 0 .8 6 ** 0.55 0.42 0.23 0 .8 8 ** -0.18 0.94**
B 0.97** 0.95** 0.73 0.54 -0.62 -0.41 0.56 0 .8 6 * 0.52
C 0.69** 0.77** 0.62** 0.29 0.36 0.61** 0.64** -0.26 0.44**
^Significant at the 5% level of probability. 
"•^Significant at the 1% level of probability.
Table 21. Simple correlation coefficients (r) between DTPA-Extractable Cu and certain chemical
properties of major horizons of the 12 selected soils from the Red River Alluvial Area.
Horizons
DTPA-Extractable Total Contents pH
1 : 1
O.M.
7cZn Fe Mn Zn Fe Mn Cu
Ap 0.78** 0.58* 0.40 0 .8 8 ** 0.81* 0.59* 0 .8 8 ** -0.40 0.82**
B 0.92* 0 . 2 0 0.48 0.63 0.50 0.81 0.56 0.14 0.96**
C 0.83** 0.85** 0.35 0.15 0 . 2 1 0 . 1 2 0.64** -0.77** -0.50**
*Significant at the 5% level of probability.
**Significant at the 1% level of probability.
positive correlation was obtained between DTPA-extractable Zn and 
total Zn. The DTPA-extractable Zn was also highly related with 
organic matter content and pH in the B horizon.
Total Zn was positively correlated with total Fe, Mn, 
and Cu (Table 30) in the soils from the Mississippi River alluvial 
area, in all the horizons. Total Zn was also positively correlated 
with DTPA-extractable Zn, Mn, and Cu. There were no relationships 
between total Zn and DTPA-extractable Fe, and between total Zn 
and soil reaction, pH. This indicates that the amount of Fe 
extracted by DTPA was not dependent upon the total Zn of the soil, 
and that pH had no effect on the amount of total Zn found in the 
soils from the Mississippi River alluvial soil area. Organic matter 
was associated with total Zn. A highly significant positive 
relationship was found between total Zn and organic matter content 
in the soils.
The statistical analysis of the data from the Mississippi 
River alluvial soils showed that DTPA-extractable Zn was highly 
correlated with DTPA-extractable Mn and Cu in all of the horizons 
(Table 31). The DTPA-extractable Zn was also positively correlated 
with total Zn, Fe, Mn, and Cu in all of the horizons. There was a 
highly significant negative correlation between DTPA-extractable 
Zn and soil reaction, pH, in the B horizon. This inverse relation­
ship indicates that as soil reaction, pH, increases, extractable 
Zn decreases. The DTPA-extractable Zn was related to organic 
matter because of the positive correlation obtained between the two.
Table 22. Simple correlation coefficients (r) between total Zn and certain chemical properties of
major horizons of the 12 selected soils from the Ouachita River Alluvial Area.
Total Contents DTPA-Extractable PH O.M.
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*Significant at the 5% level of probability. 
**Significant at the 1% level of probability.
Table 23. Simple correlation coefficients (r) 
properties of major horizons of the
between DTPA-Extractable Zn and certain chemical 
12 selected soils from the Ouachita River Alluvial Area.
DTPA-Extractable Total Contents pH O.M.







0 .8 6 **
0.84**
0.72**
0 .8 8 **
0.84**
0.62**












0 .6 8 **
0.73**
0.59**
^Significant at the 5% level of probability.
**Significant at the 1% level of probability.
Table 24. Simple correlation coefficients (r) between total Fe and certain chemical properties of
major horizons of the 12 selected soils from the Ouachita River Alluvial Area.
Total Contents DTPA-1Extractable PH O.M.







-0 . 1 2
-0 . 1 2









0 . 2 0
-0 . 2 0
-0 . 1 2





-0 . 1 1
-0.14
0.84**
0 .6 6 **
0.56**
*Significant at the 5% level of probability. 
**Significant at the 17. level of probability.
Table 25. Simple correlation coefficients (r) between DTPA-Extractable Fe and certain chemical 
properties of major horizons of the 12 selected soils from the Ouachita River Alluvial Area.
DTPA-Extractable Total Contents pH O.M.































^Significant at the 5% level of probability.
**Significant at the 1% level of probability.
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Table 26. Simple correlation coefficients (r) between total Mn and certain chemical properties of
major horizons of the 12 selected soils from the Ouachita River Alluvial Area.
Total Contents DTPA-Extractable PH O.M.





-0 . 0 2
0.35*
-0 . 1 2
-0 . 1 2
























the 5% level 
the 1 % level
of probability, 
of probability.
Table 27. Simple correlation coefficients (r) between DTPA-Extractable Mn and certain chemical 
properties of major horizons of the 12 selected soils from the Ouachita River Alluvial Area.
DTPA-Extractable Total Contents PH O.M.














-0 . 0 2
0.14
-0 . 2 0
-0 . 1 2





0 . 0 1
0.03
-0 . 1 0
0.04
0.16
-0 . 0 1
0.32
0.14
*Significant at the 5% level of probability.
**Significant at the 1% level of probability.
Table 28. Simple correlation coefficients (r) between total Cu and certain chemical properties of
major horizons of the 12 selected soils from the Ouachita River Alluvial Area.
Horizons
Total Contents DTPA-Extractable pH
1 : 1
O.M.
%Zn Fe Mn Zn Fe Mn Cu
Ap 0.99** 0.99** -0.07 0.85* 0.61* -0.08 0.97** -0.23 0.84**
A 0.97** 0.97** -0.05 0.78** 0.60** 0 . 0 1 0.95** -0 . 1 2 0.69
B 0.89** 0.93** 0.24 0.31* 0 . 1 0 0.03 0.59** 0.06 0.57**
*Significant at the 5% level of probability. 
**Significant at the 1% level of probability.
Table 29. Simple correlation coefficients (r) between DTPA-Extractable Cu and certain chemical
properties of major horizons of the 12 selected soils from the Ouachita River Alluvial Area.
Horizons
DTPA-Ext rac table Total Contents PH
1 : 1
O.M.
%Zn Fe Mn Zn Fe Mn Cu
Ap 0 .8 8 ** 0.67** -0.06 0.97** 0.97** -0.09 0.97** -0.32 0.84**
A 0.84** 0.69** 0.08 0.95** 0.94** -0.05 0.95** -0.15 0.78**
B 0.72** 0.57** 0.09 0.79** 0.52** 0.23 0.59** 0.28 0.83
*Significant at the 5% level of probability.
**Significant at the 1% level of probability.
When the data of the soils from the Coastal Plain area 
were analyzed statistically total Zn was positively correlated 
with total Fe in the Ap and A horizons, with total Mn in the B 
horizon, and with total Cu in the A and B horizons (Table 38).
The amount of total Zn was also related to DTPA-extractable Zn 
and Cu but only in the Ap horizon. There was an inverse relation­
ship between total Zn and soil reaction, pH, in the B horizon.
The DTPA-extractable Zn was more closely related to 
DTPA-extractable Cu than to extractable Fe as indicated by the 
highly significant positive correlation (Table 39). The DTPA- 
extractable Zn was positively correlated with total Zn but only in 
the Ap horizon of the soil profiles from the Coastal Plain area.
The data in Table 46 show the relationships of total Zn 
and certain other chemical properties of soils from the Coastal 
Prairies area. Total Zn showed highly significant relationships 
with total Fe and total Cu. There was no significant relation­
ship between total Zn and DTPA-extractable Zn. However, total Zn 
showed highly significant negative relationships with DTPA- 
extractable Fe and Mn in the Ap and A horizons. There was a highly 
significant positive relationship between total Zn and soil reaction, 
pH, in the Ap and A horizons. Total Zn was not correlated with 
organic matter.
A highly significant positive correlation was obtained 
between extractable Zn and extractable Cu in the A horizon of 
the soil profiles from the Coastal Prairies area (Table 47).
Extractable Zn was not correlated with extractable Fe or Mn, or 
with total Zn, Fe, Mn, or Cu. There was no significant correlation 
between extractable Zn and soil reaction, pH. However, there was a 
significant positive correlation between extractable Zn and organic 
matter but only in the A horizon.
Statistical analysis of the data from the Mississippi 
Terraces area show that total Zn was positively correlated with 
total Fe and Cu in all of the horizons, and with total Mn in the 
B horizon as shown in Table 54. A significant relationship was 
not obtained between total Zn and extractable Zn except in the B 
horizon. Total Zn was more closely related to extractable Cu than 
to extractable Mn. Total Zn was positively correlated with soil 
reaction, pH , but only in the B horizon. Total Zn showed no 
significant relationship with organic matter.
The data in Table 55 show that extractable Zn was more 
closely related to extractable Cu, than to extractable Fe or Mn 
which was significant only in the Ap horizon. The amount of Zn 
extracted by DTPA was not correlated with any of the total micro­
nutrient cations except in the B horizon. Extractable Zn was 
neither correlated with soil reaction, pH, or organic matter in 
any of the horizons.
b. Iron
The statistical analysis of data for soils from the 
Red River alluvial area showed that total Fe was positively 
correlated with total Zn, Mn, and Cu (Table 16). There was no
correlation between total Fe and extractable Zn or Fe, but a highly 
significant positive correlation was obtained with extractable 
Mn and Cu in the C and Ap horizons, respectively. Total Fe 
was not correlated with soil reaction, pH, but was correlated 
with organic matter in the Ap and C horizons.
The data in Table 17 show that extractable Fe was 
positively correlated with extractable Zn in the C horizon, with 
extractable Mn in the Ap horizon, and with extractable Cu in the 
Ap and C horizons. Extractable Fe was positively correlated with 
total Zn in the Ap horizon, and with total Mn in the C horizon. 
There was no significant correlation between extractable Fe and 
total Fe or Cu. Highly significant negative correlations were 
obtained between extractable Fe and soil reaction, pH, in the Ap 
and C horizons. This indicates that as soil reaction, pH, 
increases extractable Fe decreases due to the reduced solubility 
of Fe. A significant relationship was not shown between extract- 
able Fe and organic matter.
Total Fe was positively correlated with total Zn and Cu 
in all of the horizons of the soils from the Ouachita River 
alluvial area (Table 24). A significant correlation was not 
obtained between total Fe and total Mn. Total Fe was positively 
correlated with extractable Zn and Fe in the Ap and A horizons. 
There was no significant correlation between total Fe and 
extractable Mn. Total Fe showed a highly significant positive 
correlation with organic matter, but failed to show any correlation 
with soil reaction, pH.
Table 30. Simple correlation coefficients (r) between total Zn and certain chemical properties of
major horizons of the 12 selected soils from the Mississippi River Alluvial Area.
Total Contents DTPA-Extractable PH O.M.




0.98** 0.95** 0.98** 
0.98** 0.83** 0.99** 
0.97** 0.98** 0.98**









0 . 2 1





*Significant at the 57. level of probability. 
**Significant at the 1% level of probability.
Table 31. Simple correlation coefficients (r) between DTPA-Extractable Zn and certain chemical 
properties of major horizons of the 12 selected soils from the Mississippi River Alluvial 
Area.
DTPA-Extractable Total Contents PH O.M.




0.32 0.68** 0.88** 
0.60** 0.81** 0.91** 
0.82* 0.94** 0.85**















*Significant at the 5% level of probability.
**Significant at the 1% level of probability.
Hoj
>1
Table 32. Simple correlation coefficients (r) between total Fe and certain chemical properties of
major horizons of the 12 selected soils from the Mississippi River Alluvial Area.
Total Contents DTPA-Extractable pH O.M.
















0 . 2 0








0 . 2 0
-0.03
-0.31
0 .8 6 **
0.43*
0.37
♦Significant at the 
**Significant at the
5% level of probability. 
17° level of probability.
Table 33. Simple correlation coefficients (r) between DTPA-Extractable Fe and certain chemical 
properties of major horizons of the 12 selected soils from the Mississippi River Alluvial 
Area.
DTPA-Extractable Total Contents PH O.M.
















0 . 2 0
-0 . 1 0
0.49
0.19











*Significant at the 57° level of probability.
♦♦Significant at the 17. level of probability.
Table 34. Simple correlation coefficients (r) between total Mn and certain chemical properties of
major horizons of the 12 selected soils from the Mississippi River Alluvial Area.
Horizons
Total Contents DTPA--Extractable PH
1 : 1
O.M.
%Zn Fe Cu Zn Fe Mn Cu
Ap 0.95** 0.90** 0.93** 0.82** 0.19 0.66** 0 .8 8 ** 0.24 0.73**
B 0.83^* 0.83** 0.87** 0.48** -0 . 0 2 0.39* 0.67** -0.09 0.38*
C 0.98** 0.90** 0.93** 0.89** 0.59 9.83* 0.91** -0.49 0.43
♦Significant at the 5% level of probability. 
♦♦Significant at the 1% level of probability.
Table 35. Simple correlation coefficients (r) between DTPA-Extractable Mn and certain chemical
properties of major horizons of the 12 selected soils from the Mississippi River Alluvial 
Area.
Horizons
DTPA--Extractable Total Contents PH
1 : 1
O.M.
7cZn Fe Cu Zn Fe Mn Cu
Ap 0 .6 8 ** 0.65* 0.79** 0.72** 0.67** 0 .6 6 * 0.72** -0.33 0.73**
B 0.81** 0.59** 0.72** 0.42* 0.34 0.39* 0.41* -0.63** 0.65**
C 0.94** 0.79* 0.77* 0.78* 0.67 0.83* 0.67 -0.83* -0.83
♦Significant at the 5% level of probability.
♦♦Significant at the 1% level of probability.
Table 36. Simple correlation coefficients (r) between total Cu and certain chemical properties of
major horizons of the 12 selected soils from the Mississippi River Alluvial Area.
Total Contents DTPA-Extractable PH O.M.




0.98** 0.98** 0.93** 

















★Significant at the 5% level of probability. 
★★Significant at the 1% level of probability.
Table 37. Simple correlation coefficients (r) between DTPA-Extractable Cu and certain chemical 
properties of major horizons of the 12 selected soils from the Mississippi River Alluvial 
Area.
DTPA-Extractable Total Contents PH O.M.




0.88** 0.49 0.79** 

















*Significant at the 5% level of probability.
★★Significant at the 1% level of probability.
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Extractable Fe was more closely related to extractable 
Cu than to extractable Zn (Table 251 , and was positively correlated
with total Zn, Fe, and Cu in the Ap and A horizons. A highly
significant negative correlation was found between extractable Fe 
and soil reaction, pH, in both the Ap and A horizons. A positive 
correlation was obtained between extractable Fe and organic matter 
in all of the horizons. There was no correlation between extract- 
able Fe and total Mn.
Statistical analysis of the data for soils from the 
Mississippi River alluvial area showed total Fe to be positively 
correlated with total contents of the other micronutrient cations, 
and also with extractable Zn and Cu in all the horizons (Table 32).
A significant positive relationship was found between total Fe
and extractable Mn but only in the Ap horizon. Total Fe was not 
correlated with extractable Fe or soil reaction, pH, but showed 
a positive correlation with organic matter.
Extractable Fe in the Mississippi River alluvial soils 
was positively correlated with extractable Zn, Mn, and Cu 
(Table 33). There was no significant correlation between extract- 
able Fe and the total micronutrient cations. A highly significant 
negative correlation was found between extractable Fe and soil 
reaction, pH. In the B and C horizons there were positive corre­
lations between extractable Fe and organic matter.
Relationships between total Fe and certain chemical 
properties in the major horizons of soils from the Coastal Plain
area are reported in Table 40. Total Fe was positively correlated 
with total Zn in the Ap and A horizons, with total Mn in the Ap 
horizon, and with total Cu in all of the horizons. Total Fe was 
positively correlated with extractable Fe only in the Ap horizon, 
and showed a negative correlation with soil reaction, pH, in the 
B horizon. Total Fe was also positively correlated with organic 
matter in the Ap horizon. A significant correlation was not found 
between total Fe and extractable Mn or Cu.
Extractable Fe in soils from the Coastal Plain area was 
positively correlated with extractable Zn and Mn in the A and B 
horizons, and with extractable Cu in all of the horizons (Table 41). 
There were no correlations between extractable Fe and total Zn or 
Cu. A highly significant positive correlation was obtained between 
extractable Fe and total Mn in the A horizon. No correlation was 
found between the amount of Fe extracted by DTPA and soil reaction, 
pH. Organic matter and extractable Fe were positively correlated 
in the Ap and A horizons.
Soils from the Coastal Prairies area showed total Fe 
to be positively correlated with total contents of.the other micro­
nutrient cations (Table 48). Total Fe was negatively correlated 
with extractable Fe and Mn and positively correlated with organic 
matter. There was no correlation between total Fe and extractable 
Zn or Cu. Total Fe was correlated with organic matter only in the 
B horizon.
Soils from the Coastal Prairies area showed that 
extractable Fe was highly correlated with extractable Mn in all the
Table 38. Simple correlation coefficients (r) between total Zn and certain chemical properties of
major horizons of the 12 selected soils from the Coastal Plain Area.
Total Contents DTPA-Extractable pH O.M.







-0 . 1 2









-0 . 1 1
0 . 0 1
0.09
-0.14
0 . 0 0
0.61^
0.37





0 . 2 1
0.26
♦Significant at the 5% level of probability. 
♦♦Significant at the 1% level of probability.
Table 39. Simple correlation coefficients 
properties of major horizons of
(r)
the
between DTPA-Extractable Zn and certain chemical 
12 selected soils from the Coastal Plain Area.
DTPA-Extrac tab1e Total Contents pH O.M.





















-0 . 1 0
-0.18
-0.26
-0 . 0 1
-0.33
-0.23
-0 . 1 0
0 . 1 1
0.36
-0 . 1 2
♦Significant at the 5% level of probability.
♦♦Significant at the 1% level of probability.
Table 40. Simple correlation coefficients (r) between total Fe and certain chemical properties of
major horizons of the 12 selected soils from the Coastal Plain Area.
Total Contents_______  __________ DTPA-Ex tractable_________  pH O.M.
























-0 . 2 1




-0 . 1 2
0.15
★Significant at the 5% level of probability. 
★★Significant at the 1% level of probability.
Table 41. Simple correlation coefficients (r) between DTPA-Extractable Fe and certain chemical 
properties of major horizons of the 12 selected soils from the Coastal Plain Area.
DTPA-Extractab1e Total Contents PH O.M.














-0 . 1 1








-0 . 2 1
-0.17
-0.32
-0 . 2 0
-0.23
0 .6 6 *
0.79**
0.32
*Significant at the 57. level of probability.
★★Significant at the 1% level of probability.
Table 42. Simple correlation coefficients (r) between total Mn and certain chemical properties of
major horizons of the 12 selected soils from the Coastal Plain Area.
Total Contents DTPA-Extractable PH O.M.





-0 . 1 1  0 . 1 1  
0.50** 0.03
0.42

















♦Significant at the 57. level of probability. 
♦♦Significant at the 17. level of probability.
Table 43. Simple correlation coefficients (r) 
properties of major horizons of the
between DTPA-Extractable Mn and certain chemical 
12 selected soils from the Coastal Plain Area.
DTPA-Extractable Total Contents PH O.M.
Horizons Zn Fe Cu Zn Fe Mn Cu 1 : 1 7o
Ap -0 . 2 1 0.25 0 . 0 1 0.09 0.51 0.83** 0.44 -0.06 0.13
A 0.07 0.51* 0.17 -0.14 -0.03 0 .8 6 ** -0 . 1 2 -0.04 0.44**
B -0.05 0.62** 0.34* 0 . 0 0 -0.26 0.57** -0 . 2 1 -0.39* 0.43**
*Significant at the 5% level of probability.
♦♦Significant at the 17. level of probability.
Table 44. Simple correlation coefficients (r) between total Cu and certain chemical properties of
major horizons of the 12 selected soils from the Coastal Plain Area.
Total Contents DTPA-Extractable PH O.M.












-0 . 0 1
0.32
-0 . 2 1
-0.17
0.44
-0 . 1 2










*Significant at the 
^Significant at the
5% level of probability. 
1% level of probability.
Table 45. Simple correlation coefficients (r) between DTPA-Extraetable Cu 
properties of major horizons of the 1 2  selected soils from the
and certain chemical 
Coastal Plain Area.
DTPA-Extractable Total Contents PH O.M.












0 . 1 2
0.43
0.24
-0 . 2 1








0 . 0 0
0.30
0.33
-0 . 0 1
*Significant at the 5% level of probability.
**Significant at the 1% level of probability.
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horizons and with Cu in the A and B horizons as shown in Table 49. 
There was no significant correlation between extractable Fe and 
extractable Zn. Extractable Fe was negatively correlated with 
total Zn, Fe, and Cu in the Ap and A horizons, and negatively 
correlated with soil reaction, pH, in the Ap and B horizons.
Organic matter and extractable Fe was positively correlated in the 
A and B horizons.
Correlation coefficients between total Fe and certain 
chemical properties of soils from the Mississippi Terraces area 
are presented in Table 56. Total Fe was highly related to total 
Mn and Cu in the B horizon. There was a significant correlation 
between total Fe and total Zn in the Ap horizon. Total Fe was 
not significantly correlated with extractable Zn, Fe, Cu, or 
organic matter. Total Fe was highly related to extractable Mn in 
the Ap horizon. A negative correlation was found between total 
Fe and soil reaction, pH.
Extractable Fe was positively correlated with extractable 
Zn in the Ap horizon, with extractable Mn and Cu in the B horizon, 
and with total Mn in the Ap horizon of soils from the Mississippi 
Terraces area. Extractable Fe was not correlated with total zn,
Fe, or Cu. There was a negative correlation between extractable 
Fe and soil reaction, pH in the B horizon. A significant correlation 
was not obtained between extractable Fe and organic matter.
c. Manganese
The relationships of total Mn with certain chemical 
properties of soils from the Red River alluvial area are presented
in Table 18. Total Mn were closely associated with, total contents 
of the other micronutrient cations in the Ap and C horizons. A 
positive correlation was found between total Mn and extractable 
Mn only in the C horizon. Total Mn was associated with extract- 
able Zn in the B horizon, with extractable Mn in the C horizon, and 
with extractable Cu in the Ap horizon. Total Mn was positively 
correlated with organic matter, and with soil reaction, pH, in the 
C horizon.
Extractable Mn in soils from the Red River alluvial area 
was highly correlated with extractable Fe in the Ap horizon 
(Table 19). There was no significant correlation between extract- 
able Mn and extractable Zn and Cu. Correlations were obtained 
between extractable Mn and the total micronutrient cations in the 
C horizon. Extractable Mn was negatively correlated with soil 
reaction, pH, in the Ap horizon, and with organic matter in the 
C horizon.
The correlation of total Mn content in the soils from 
the Ouachita River alluvial area is presented in Table 26. There 
was no significant correlation between total Mn and any of the 
other chemical properties in the Ap horizon. Total Mn was highly 
correlated with extractable Mn in the A and B horizons, and with 
extractable Zn in the C horizon.
Extractable Mn was not correlated with extractable Zn,
Fe, or Mn in the Ap or A horizon, but was correlated with extract- 
able Zn in the B horizon of soils from the Ouachita River alluvial
area (Table 27). Extractable Mn was significantly related to the 
total Mn content in the A and B horizons. There was no significant 
correlation between extractable Mn and soil reaction, pH, or 
organic matter in any of the major horizons.
The principal factors associated with total Mn in the 
soils from the Mississippi River alluvial area were highly 
significant positive correlations with the total amounts of Zn, Fe, 
and Cu, and positive correlations with the extractable Zn, Mn, 
and Cu (Table 34). The total Mn content was not associated with 
the extractable Fe content, or soil reaction, pH. However, the 
total Mn was associated with organic matter content in the Ap and 
B horizons.
The data in Table 35 show that the extractable Mn 
content in the soils from the Mississippi River alluvial area 
was positively correlated with the extractable Zn, Fe, and Cu, 
and with the total contents of Zn and Mn, in all of the horizons.
A negative correlation was obtained between the extractable Mn 
and soil reaction, pH, in the B and C horizons. Organic matter 
was highly correlated with the extractable Mn in the Ap and B 
horizons.
The data in Table 42 show the relationships of the total 
Mn content with the other chemical properties of the soils from 
the Coastal Plain area. The total Mn was positively correlated 
with the total Zn content in the B horizon, with the total Fe 
content in the Ap horizon, and with the total Cu content in the
B horizon. The total Mn content was also highly correlated with 
the extractable Mn content in all of the major horizons. There 
was no significant correlation between the total Mn and the extract- 
able Zn or Cu contents, or with soil reaction, pH. In the A and B 
horizons the total Mn was highly correlated with the organic 
matter content.
The most important factors associated with the DTPA- 
extractable Mn content in the soils from the Coastal Plain area 
were positive correlations with the extractable Fe and Cu contents 
in the A and B, and B horizons, respectively (Table 43). A highly 
significant positive correlation was obtained between the extract- 
able and the total Mn contents in all of the major horizons. There 
was a negative correlation between the extractable Mn and soil 
reaction, pH, in the B horizon. In the A and B horizons the 
extractable Mn content was positively correlated with organic matter. 
There was no significant correlation between the extractable Mn and 
the total contents of Zn, Fe, or Cu.
The data in Table 50 show that there were relatively 
few correlations between the total Mn content and the other chemical 
properties of the soils from the Coastal Prairies area. The data 
show a positive correlation between the total Mn and Fe contents in 
the Ap and A horizons. There was no significant correlation 
between the total Mn and the extractable Zn, Fe, Mn, or Cu contents. 
The correlation of the greatest significance was that between the 
total Mn and soil reaction, pH. A negative correlation was found
Table 46. Simple correlation coefficients (r) between total Zn and certain chemical properties of
major horizons of the 12 selected soils from the Coastal Prairies Area.
Total Contents DTPA-Extractable PH O.M.















-0 . 1 0
-0.81 
-0.64** 
-0 . 2 0
0 . 1 1
0.08







♦Significant at the 5% level of probability. 
♦♦Significant at the 1% level of probability.
Table 47 • Simple correlation coefficients (r) between DTPA-Extractable Zn and certain chemical 
properties of major horizons of the 12 selected soils from the Coastal Prairies Area.
DTPA-Extractable Total Contents pH O.M.






















0 . 1 2





♦Significant at the 5% level of probability.
♦♦Significant at the VL level of probability.
Table 48. Simple correlation coefficients (r) between total Fe and certain chemical properties of
major horizons of the 12 selected soils from the Coastal Prairies Area.
Total Contents DTPA-Extractable PH O.M.































♦Significant at the 
♦♦Significant at the
57c level of probability. 
1 % level of probability.
Table 49. Simple correlation coefficients 
properties of major horizons of
(r) between DTPA-Extractable Fe and certain chemical 
the 12 selected soils from the Coastal Prairies Area.
DTPA-Extractable Total Contents PH O.M.















-0 . 1 0
-0.90**
-0.61**




-0 .8 6 **
-0.56**
0.09






♦Significant at the 5% level of probability.
♦♦Significant at the 1% level of probability.
Table 50. Simple correlation coefficients (r) between total Mn and certain chemical properties of
major horizons of the 12 selected soils from the Coastal Prairies Area.
Total Contents_______    DTPA-Extractable_________  pH O.M.






















-0 . 2 1
-0.07
-0 . 0 2






*Significant at the 5% level of probability. 
**Significant at the 1% level of probability.
Table 51. Simple correlation coefficients (r) between DTPA-Extractable Mn and certain chemical 
properties of major horizons of the 12 selected soils from the Coastal Prairies Area.
DTPA-Extractable Total Contents PH O.M.





-0 . 0 0

























*Significant at the 5% level of probability.
**Significant at the 1% level of probability.
Table 52. Simple correlation coefficients (r) between total Cu and certain chemical properties of
major horizons of the 12 selected soils from the Coastal Prairies Area.
Total Contents DTPA-Extractable PH O.M.

























^Significant at the 5% level of probability. 
**Significant at the \% level of probability.
Table 53. Simple correlation coefficients (r) between DTPA-Extractable Cu and certain chemical 
properties of major horizons of the 12 selected soils from the Coastal Prairies Area.
DTPA-Extractable Total Contents PH O.M.
Horizons Zn Fe Mn Zn Fe Mn Cu 1 : 1 %
Ap 0.33 0.27 -0.03 0 . 1 1 -0.32 -0 . 2 1 0.19 -0.16 0.39
A 0.53** 0.55** 0 . 2 1 0.08 -0.26 -0.07 0.04 0.24 0.70**
B 0.32 0.61** 0.35 -0 . 0 0 -0 . 0 0 -0 . 0 2 0.06 0 . 1 1 0.37*
*Significant at the 5% level of probability.
**Significant at the 1% level of probability.
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between the total Mn content and organic matter in the Ap and
B horizons.
The relationship between the extractable Mn content and 
the other chemical properties of the soils from the Coastal 
Prairies area is presented in Table 51. The data show the 
extractable Mn content to be closely related to the extractable 
Fe content in all of the major horizons. There was no significant 
correlation between the extractable Mn and the extractable Zn, Cu 
and the total Mn contents of the soils. There were negative 
correlations between the extractable Mn and the total Zn, Fe, and 
Cu contents in the Ap and A horizons, and positive correlations 
between the extractable Mn and Fe Contents, and soil reaction, pH, 
in all of the horizons. The organic matter content was positively 
correlated with the extractable Mn but only in the B horizon.
There was no significant correlation between the extractable Mn 
and zn or Cu contents in the soils.
The significant relationships associated with the 
total Mn content in the soils from the Mississippi Terraces area 
are presented in Table 58. The total Mn was positively correlated 
with the total amounts of Zn, Fe, and Cu in the B, Ap and B, and 
B horizons, respectively. The total and the extractable Mn contents 
was highly correlated in all of the horizons. There was no significant 
correlation between the total Mn and the extractable Cu or organic 
matter contents, but a positive correlation was obtained between 
the total Mn content and soil reaction, pH in the B horizon.
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Simple correlation coefficients- between extractable Mn 
and certain chemical properties of major horizons of the 1 2  soils 
from the Mississippi Terraces area are presented in Table 59.
The data show that the extractable Mn was positively correlated 
with the extractable Pe content in the B horizon, but show no 
significant correlation with the extractable Zn or Cu contents.
Highly significant positive correlations were obtained between the 
extractable and the total Mn contents in the soils. There were 
significant negative correlations between the extractable Mn and 
organic matter contents in the Ap horizon. The data show no 
significant correlation between the extractable Mn and the total 
Fe or Cu contents in any horizon.
d. Copper
Simple correlation coefficients between the total Cu and 
certain chemical properties of major horizons of the 1 2  selected 
soils from the Red River alluvial area are presented in Table 20.
The data show highly significant positive correlations with the 
total amounts of Zn, Fe, and Mn, and no significant correlations 
with the extractable Zn or Fe contents in any of the major horizons.
The total Cu was also positively correlated with the extractable 
Mn and Cu contents in the C, and Ap and C horizons, respectively.
In the B horizon the total Cu was correlated with soil reaction, 
pH, and with organic matter in the Ap and C horizons.
The data presented in Table 21 show the simple correlation 
coefficients between the extractable Cu and certain chemical properties
of the major horizons of the soils from the Red River alluvial 
area. The data show positive correlations betwwen the extractable 
Cu and the extractable Zn contents in all of the horizons. In 
the Ap horizon of the soils, the exttactable Cu was positively 
correlated with the total amounts of Zn, Fe, Mn, and Cu. A highly 
significant negative relationship was established between extract- 
able Cu and soil reaction, pH, in the C horizon, and a highly 
significant positive relationship between extractable Cu and organic 
matter contents in the Ap and B horizons.
Simple correlation coefficients between the total Cu 
and certain chemical properties of major horizons of the 1 2  
selected soils from the Ouachita River alluvial area are presented 
in Table 28. The data show that the total Cu was highly correlated 
with total Zn and Fe in all of the major horizons. There was no 
significant correlation with the total Mn content. The total Cu 
was highly correlated with the extractable Zn and Cu contents in 
all of the horizons, and with the extractable Fe in the Ap and B 
horizons. There was no significant relationship between the total 
Cu content and soil reaction, pH, but total Cu was closely related 
to organic matter in the Ap and B horizons.
The relationship between the extractable Cu and certain 
chemical properties of major horizons of the soils from the Ouachita 
River alluvial area are presented in Table 29. The data show that 
the extractable Cu was highly correlated with both the extractable 
and the total Zn and Fe contents in all of the horizons, but show
Table 54. Simple correlation coefficients (r) between total Zn and certain chemical properties of
major horizons of the 12 selected soils from the Mississippi Terraces Area.
Total Contents DTPA-Extractable PH O.M.
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0.52**
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*Significant at the 5% level 
**Significant at the 1% level
of probability, 
of probability.
Table 55. Simple correlation coefficients between DTPA-Extractable Zn and certain chemical 
properties of major horizons of the 12 selected soils from the Mississippi Terraces Area.
DTPA-Extractab1e Total Contents pH O.M.




0.60* 0 . 2 2  
0.37 0.29 
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0 . 2 2
-0 . 2 0
*Significant at the 57. level of probability.
**Significant at the 17, level of probability.
Table 56. Simple correlation coefficients (r) between total Fe and certain chemical properties of
major horizons of the 12 selected soils from the Mississippi Terraces Area.
Total Contents DTPA-Extractable PH O.M.
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0 .6 8 **
0.31
0.08
0 . 1 1
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0 . 2 2
-0.28
-0 . 2 1
-0.33*
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♦Significant at 
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Table 57. Simple correlation coefficients (r) between DTPA-Extractable Fe and certain chemical 
properties of major horizons of the 12 selected soils from the Mississippi Terraces Area.
DTPA -Ext rac tab 1 e Total Contents PH O.M.














-0 . 2 1




0 .6 8 **
0.31
0.08
0 . 1 1
-0.27
0 . 2 2
-0,28
-0 . 2 1
-0.33*
-0 . 0 1
0.08
0 . 0 0
♦Significant at the 57. level of probability.
♦♦Significant at the 17. level of probability.
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Table 58. Simple correlation coefficients (r) between total Mn and certain chemical properties of
major horizons of the 12 selected soils from the Mississippi Terraces Area.
Total Contents_______   DTPA-Extractable_________  pH O.M.
Horizons Zn Fe Cu Zn Fe Mn Cu 1 : 1 7.
Ap 0.47 0.63* 0.51 0.27 0 .6 8 ** 0.69** 0.39 -0.43 -0.17
A 0.28 0.19 0.23 0.28 0.31 0.72** 0.39 -0.24 0 . 0 0
B 0.69** 0.43** 0.50** 0.33** 0.08 0.49** 0.29 0.42** 0.07
*Significant at the 5% level of probability.
**Significant at the 1% level of probability.
Table 59. Simple correlation coefficients (r) between DTPA-Extractable Mn and certain chemical
properties of major horizons of the 12 selected soils from the Mississippi Terraces Area.
DTPA-Extractable_______    Total Contents   pH O.M.
rizons Zn Fe Cu Zn Fe Mn Cu 1 : 1 7.
Ap 0 . 2 2 0.36 0.24 0.59* 0.42 0.69** 0.54 -0.45 -0.60*
A 0.29 0.14 0.34 0.41 0.09 0.72** 0.30 -0.17 -0.16
B 0 . 1 1 0.39** 0.04 0.18 0.04 0.49** 0.14 -0.26 -0.14
*Significant at the 57. level of probability.
**Significant at the 17. level of probability.
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Table 60. Simple correlation coefficients (r) between total Cu and certain chen. . properties of
major horizons of the 12 selected soils from the Mississippi Terraces Area.
Total Contents DTPA-Extractable PH O.M.




0.94** 0.81** 0.51 
0.96** 0.90** 0.23 
0.82** 0.80** 0.50**
0.19














★Significant at the 5% level of probability. 
★★Significant at the 1% level of probability.
Table 61. Simple correlation coefficients (r) between DTPA-Extractable Cu and certain chemical 
properties of major horizons of the 12 selected soils from the Mississippi Terraces Area.
DTPA-Extractable Total Contents PH O.M.




0.70** 0.52 0.24 

















★Significant at the 5% level of probability.
★★Significant at the 1% level of probability.
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no significant correlation with, either the extractable or the 
total Mn content. The extractable Cu was highly correlated with 
the total Cu content, and with organic matter. There was no 
significant correlation between the extractable Cu content and 
soil reaction, pH.
The data in Table 36 show the simple correlation 
coefficients between total Cu and certain chemical properties of 
major horizons of the soils from the Mississippi River alluvial 
area. The total Cu was highly correlated with total Zn, Fe, and 
Mn, and with the extractable Cu in all of the horizons. There 
were significant positive relationships between total Cu and 
extractable Zn in every major horizon, and between total Cu 
and extractable Mn in the Ap and B horizons. The total Cu did 
not significantly correlate with extractable Fe or with soil 
reaction, pH, but was positively correlated with organic matter 
in the Ap and B horizons.
The extractable Cu was positively correlated with extract- 
able Zn and Mn, and with the total Zn, Fe, Mn, and Cu in all of 
the horizons of the soils from the Mississippi River alluvial area 
(Table 37). A negative correlation was obtained in the B horizon 
between extractable Cu and soil reaction, pH, and a positive 
correlation between the extractable Cu and organic matter in the 
Ap and B horizons.
The data in Table 44 show the simple correlation 
coefficients between total Cu and certain chemical properties of
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major horizons of the 12 selected soils from the Coastal Plain 
area. The data show that the total Cu was positively correlated 
with the total Zn in the A and B horizons, with total Fe in the 
Ap, A, and B horizons, and with total Mn in the B horizon. The 
total Cn was not significantly correlated with extractable Zn,
Fe, Mn, or Cu, or with soil reaction, pH. The total Cu and 
organic matter was significantly correlated in the Ap horizon.
The principal factors associated with extractable Cu in 
the soils from the Coastal Plain area are presented in Table 45. 
The extractable Cu was highly correlated with extractable Zn and 
Fe in all of the horizons, and with extractable Fe in the B 
horizon. There was a significant positive correlation between 
extractable Cu and total Zn but only in the Ap horizon. The 
extractable Cu did not show any significant correlation with 
total Fe, Mn, or Cu, soil reaction, pH, or organic matter.
Simple correlation coefficients between total Cu and 
certain chemical properties of major horizons of the selected 
soils from the Coastal Prairies area are presented in Table 52. 
The data show that total Cu was highly correlated with total zn 
and Fe in all of the horizons, and negatively correlated with 
extractable Fe and Mn in the Ap and A horizons. There was no 
significant correlation between total Cu and extractable Zn or Cu 
in any of the horizons. A positive correlation was obtained 
between total Cu and soil reaction, pH, in the Ap and A horizons, 
and positive correlation between total Cu and organic matter in 
the B horizon.
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The data in Table 53 show the simple correlation 
coefficients between extractable Cu and certain chemical properties 
of major horizons of the 12 selected soils from the Coastal 
Prairies area. Positive correlations were obtained between 
extractable Cu and Zn in the A horizon, and with extractable Fe 
in the A and B horizons. The extractable Cu did not significantly 
correlate with extractable Mn, or with the total Zn, Fe, Mn, or 
Cu contents. However, extractable Cu was positively correlated 
with organic matter in the A and B horizons. Soil reaction, pH, 
and extractable Cu did not show any significant correlation.
The correlations of greatest significance in the soils 
from the Mississippi Terraces area were those between total Cu 
and total Zn and Fe as shown in Table 60. The data also show 
that total Cu was positively correlated with extractable Zn and 
Cu but only in the B horizon. There was no significant correlation 
between total Cu and extractable Fe or Mn, or with soil reaction, 
pH. The total Cu was negatively correlated with organic matter 
in the B horizon.
The data in Table 61 show the simple correlation coefficients 
between extractable Cu and certain chemical properties of major 
horizons of the 12 selected soils from the Mississippi Terraces 
area. The extractable Cu was closely associated with extractable 
Zn in all ofthe horizons, and with extractable Fe in the B horizon. 
Extractable Cu was significantly correlated with total Zn in the 
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26. The relationship between total and DTPA-Extractable Zn 
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Fig. 27. The relationship between total and DTPA-Extractable Zn
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Fig. 28. The relationship between total and DTPA-Extractable Zn 
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Fig. 29. The relationship between total and DTPA-Extractable Zn
in the surface horizon of soils from the Coastal Plain
area.
matter in the B horizon. Extractable Cu did not show any 
significant correlation with extractable Mn, or with total Fe 
or Mn.
2* Regression Coefficients
The soil chemical properties in this study were examined 
statistically for each of the six major soil areas to obtain 
regression coefficients to establish: (a) the relationship
between total and DTPA-extractable micronutrient cations,
(b) the relationship between DTPA-extractable micronutrient cations 
and soil reaction, pH, and (c) the relationship between DTPA- 
extractable micronutrient cations and organic matter. Only the 
correlation coefficients that were significant at the 1 and 5 per­
cent levels of probability are shewn.
a. Relationships Between Total and DTPA-Extractable 
Micronutrient Cations in the Ap Horizon 
The relationship between total and DTPA-extractable 
Zn contents in the Red, Ouachita, and Mississippi Rivers alluvial, 
and Coastal Plain soils are presented in Figures 26-29. The data 
show that the total and the DTPA-extractable Zn contents in the 
alluvial soils were more closely related than in the Coastal Plain 
soils. The data also show that as the extractable Zn content 
increased there was an increase in the total Zn content.
The data presented in Figures 30-33 show the relation­
ship between total and DTPA-extractable Fe contents in the Ap 
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Fig. 30. The relationship between total and DTPA-Extractable Fe 
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Fig. 31. The relationship between total and DTPA-Extractable Fe 
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Fig. 32. The relationship between total and DTPA-Extractable Fe 
in the surface horizon of soils from the Coastal Plain
area.
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Fig. 33. The relationship between total and DTPA-Extractable Fe
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Fig. 34. The relationship between total and DTPA-Extractable Mn 
in "he surface horizon of soils from the Mississippi 
River alluvial area.
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Fig. 35. The relationship between total and DTPA-Extractable Mn
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Fig. 36. The relationship between total and DTPA-Extractable Mn 
in t-he surface horizon of soils from the Mississippi 
Terraces area.
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Fig. 37. The relationship between total and DTPA-Extractable Mn
in the surface horizon of soils from the Red River
alluvial area.
Coastal Plain, and Coastal Prairies areas. The total and 
extractable Fe contents in the soils from the Red and Ouachita 
Rivers alluvial, and Coastal Prairies areas were more closely 
related than in the soils from the Coastal Plain area. A negative 
correlation coefficient was obtained between the total and the 
extractable Fe in the soils from the Coastal Prairies area.
The data in Figures 34-36 show that highly significant 
positive correlation coefficients of 0.723**, 0.833**, and 
0.688** were obtained between the total and extractable Mn 
contents in the soils from the Mississippi River alluvial, Coastal 
Plain, and Mississippi Terraces areas, respectively. The data 
show that predicted total Mn content may be obtained from known 
amount of extractable Mn in the soil.
The relationships between total and DTPA-extractable 
Cu contents in the Ap horizon of the 12 selected soils from each 
of the Red, Ouachita, and Mississippi Rivers alluvial soil areas 
are presented in Figures 37-39. Highly significant positive 
correlation coefficients of 0.879**, 0.975**, and 0.988** were 
obtained in the three soil areas, respectively. The soils from 
the Coastal Plain, Coastal Prairies, and Mississippi Terraces 
areas failed to show any significant relationship between the 
total and the extractable Cu contents in the Ap horizon, and 
were not reported.
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Fig. 38. The relationship between total and DTPA-Extractable Cu 
in the surface horizon of soils from the Ouachita River 
alluvial area.
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Fig. 39. The relationship between total and DTPA-Extractable Cu
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Fig. 40. The relationship between DTPA-Extractable Fe and soil 
reaction, pH in the surface horizon of soils from the 
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Fig. 41. The relationship between DTPA-Extractable Mn and soil
reaction, pH in the surface horizon of soils from the
Red River alluvial area.
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Fig. 42. The relationship between DTPA-Extractable Fe and soil 
reaction, pH in the surface horizon of soils from the 
Ouachita River alluvial area.
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Fig. 43. The relationship between DTPA-Extractable Fe and soil
reaction, pH in the surface horizon of soils from the
Mississippi River alluvial area.
b. Relationships Between DTPA-Extractable Micro­
nutrient Cations and Soil Reaction, pH, in 
the Ap Horizon
The relationship between the extractable Fe content and 
soil reaction, pH, in the Ap horizon of the soils from the Red, 
Ouachita, and Mississippi Rivers alluvial and Coastal Prairies 
areas are presented in Figures 40, 42-44. The data show that the 
extractable Fe contents in the soils from the above mentioned soil 
areas were negatively related to soil pH. The data also indicate 
that as soil pH was increased the extractable Fe content decreased.
The alluvial soils from the Ouachita and Mississippi 
Rivers, and the soils from the Coastal Plain and Mississippi 
Terraces areas failed to show any significant association between 
the extractable Mn content and soil reaction, pH. The data pre­
sented in Figures 41 and 45 show the inverse relationship that 
was obtained between the extractable Mn content and soil reaction, 
pH, in the soils from the Red River alluvial and Coastal Prairies 
areas. The soils from these two areas contained relatively high 
soil pH between 7.0 and 8.0, but even at such high soil pH the data 
indicate that there would be adequate amounts of extractable Mn to 
meet most plant requirements.
c . Relationships Between DTPA-Extractable Micro- 
nutrient Cations and Organic Matter in the 
Ap Horizon
The extractable Cu content in the Ap horizon of the soils













































7  =  1 4 4 - 0 9 6 -  1 7  3 3 0 X  
r  =  —0  - 8 7  6  *  *
50
25
4 5 6 87
pH
The relationship between DTPA-Extractable Fe and soil 
reaction, pH in the surface horizon of soils from the 
Coastal Prairies area.
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Fig. 45. The relationship between DTPA-Extractable Mn and soil
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46. The relationship between DTPA-Extractable Cu and organic 
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47. The relationship between DTPA-Extractable Zn and organic
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48. The relationship between DTPA-Extractable Fe and organic 
matter in the surface horizon of soils from the Ouachita 
River alluvial area.
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49. The relationship between DTPA-Extractable Cu and organic
matter in the surface horizon of soils from the Ouachita
River alluvial area.
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correlation coefficient of 0.824** with, organic matter as presented 
in Figure 46. There was no significant relationship between 
organic matter and the extractable Zn, Fe, or Mn contents in 
the Ap horizon of the soils from the area.
The data presented in Figures 47-49 show that significant 
positive relationships were found between organic matter and 
extractable Zn, Fe, and Cu contents in the Ap horizons of the 
soils from the Ouachita River alluvial area. The data indicate 
that higher amounts of organic matter in the soils will result 
in greater contents of the extractable Zn, Fe, and Cu in the 
soils from the Ouachita River alluvial area.
The relationships between organic matter and the extract- 
able Zn, Mn, and Cu found in the Ap horizons of the soils from 
the Mississippi Riveraalluvial area are shown in Figures 50-52.
All of the relationships mentioned above were positive and highly 
significant. Organic matter and extractable Fe content in the 
soils from this area show no relationship.
The only significant relationship that was found in 
the soils from the Coastal Plain area, was that between the 
extractable Fe content and organic matter as shown in Figure 53.
The soils from this area were relatively low in organic matter 
and the extractable micronutrient cations contents. The extract- 
able zn, Mn, and Cu contents in the Ap horizons seem to be 
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50. The relationship between DTPA-Extractable Zn and organic 
matter in the surface horizon of soils from the 
Mississippi River alluvial area.
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51. The relationship between DTPA-Extractable Mn and organic
matter in the surface horizon of soils from the
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53. The relationship between DTPA-Extractable Fe and organic
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Fig. 54. The relationship between DTPA-Extractable Mn and organic 
matter in the surface horizon of soils from the 
Mississippi Terraces area.
The data presented in Figure 54 show the relationship 
between the extractable Mn and organic matter contents in the Ap 
horizons of the 12 soils from the Mississippi Terraces area. The 
data show a negative regression coefficient. Perhaps the relatively 
high total Mn and Fe contents in the soils coupled with the 
relatively high extractable Fe content in the Ap horizon may have 
been responsible for the inverse association of the extractable 
Mn with organic matter.
SUMMARY AND CONCLUSIONS
Investigations were conducted to determine the content and 
distribution of Zn, Fe, Mn, and Cu in the genetic horizons of 72 
selected soil profiles from six major mineral soil areas in Louisiana. 
Twelve soil profiles were selected from each of the six major soil 
areas. Total and DTPA-extractable Zn, Fe, Mn, and Cu, soil reaction, 
pH, and organic matter were determined in the genetic horizons.
The alluvial soils from the Red and Mississippi Rivers areas 
were relatively high in total Zn. The distribution of Zn in the soil 
profiles from these two areas appeared to be uniform except for a 
small increase in the B horizon. This small accumulation of total 
Zn in the subsurface horizon may have been due to illuviation 
processes. The relatively uniform distribution of total Zn in the 
soil profile indicated that the total Zn may have been dependent upon 
the amount of Zn found in the parent material.
The total Zn content in the soils from the Ouachita River 
alluvial, Mississippi Terraces, and Coastal Prairies areas were 
considerably lower than in soils from the Red and Mississippi Rivers 
alluvial areas. There was less uniformity in the distribution of 
total Zn in the soil profiles from the Ouachita River alluvial, 
Mississippi Terraces, and Coastal Prairies areas. The Ap and A 
horizons showed very little difference in total Zn content, however, 
there was an accumulation in the B horizon of approximately two-fold 
the amount found in the Ap horizon. The soils with the lower total 
Zn content were from the Coastal Plain area.
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The amount of total Zn found in the soils from each of the six 
major soil areas in the state was positively correlated with total 
Mn in soils from the Red and Mississippi Rivers alluvial areas.
Total Zn was not correlated with DTPA-extractable Zn except in the 
soils from the Ouachita and Mississippi Rivers alluvial areas, and 
in the Ap and B horizons of soils from the Coastal Plain and Miss­
issippi Terraces areas, respectively. Since total Zn showed no 
relationship with DTPA-extractable Zn in the majority of soils, it 
appeared that the amount of Zn extracted by DTPA was not dependent 
upon the total Zn content found in the soil. Soils from the Red, 
Ouachita, and Mississippi Rivers alluvial, Coastal Plain, and 
Mississippi Terraces areas showed no significant relationship between 
total Zn and soil reaction, pH. Total Zn was highly correlated with 
organic matter in soils from the Ouachita and Mississippi Rivers 
alluvial areas.
In contrast to the relatively even distribution of total Zn in 
the soil profile, DTPA-extractable Zn was found to decrease with 
depth. The amount of Zn extracted by DTPA was closely related to 
extractable Cu in all of the soil areas. Only the Mississippi 
River alluvial soils showed any significant relationship between 
extractable Zn and Mn in all of the major horizons. In general, 
extractable Zn was not significantly correlated with extractable Fe 
in the soils from the six areas. A highly significant correlation 
was obtained between extractable Zn and organic matter in soils from 
the Ouachita and Mississippi Rivers alluvial areas.
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The total Fe content in all of the soil profiles from the six 
major soil areas in this investigation increased with depth. The major 
horizon of the soils from the Red and Mississippi Rivers alluvial, Coastal 
Prairies, and Mississippi Terraces areas contained a mean total Fe 
content of greater than 1.0 percent. The Ap and A horizons of soils 
from the Ouachita River alluvial, and Coastal Plain areas contained a 
mean total Fe content of less than 1.0 percent.
Total Fe was positively correlated with total Zn and Cu in all 
of the major horizons of soils from the six soil areas. There was 
no significant correlation between total Fe and total Mn in any 
horizon of the soils from the Ouachita River alluvial area. Total 
Fe was positively correlated with soil reaction, pH, in the Ap and 
A horizons of the soils from the Coastal Prairies, and with organic 
matter in the Ap horizon of the soils from the Red, Ouachita, and 
Mississippi Rivers alluvial, and Coastal Plain areas.
DTPA-extractable Fe was positively correlated with total Fe in 
the soils from the Ouachita River alluvial, Coastal Plain, and Coastal 
Prairies areas. The relationship between extractable Fe and extract- 
able Zn, Mn, and Cu were somewhat variable among horizons and soil 
areas. The amount of Fe extracted by DTPA was negatively correlated 
with soil reaction, pH, and positively correlated with organic matter 
in some horizons and soil areas.
Total Mn was relatively high in all of the soil areas except 
the Ouachita River alluvial, and Coastal Plain areas. In general, 
there was a decrease in the profile distribution of total Mn with
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increasing depth. Significant correlations between total Mn and total 
Zn, Fe, and Cu, were found in soils from the Red and Mississippi 
Rivers alluvial areas. Total Mn was positively correlated with 
extractable Mn in soils from the Mississippi River alluvial, Coastal 
Plain, and Mississippi Terraces areas.
The DTPA-extractable Mn showed relatively large surface and sub­
surface accumulation, with minimal levels in the lower horizons. The 
soils from the Coastal Prairies and Mississippi Terraces areas were 
found to contain higher extractable Mn contents than did the soils 
from the remaining areas. Only soils from the Mississippi River 
alluvial area showed positive correlations between extractable Mn 
and the other extractable micronutrient cations. There was no 
significant correlation between extractable Mn and extractable Zn 
except for the soils from the Mississippi River alluvial area. Negative 
correlations were obtained between extractable Mn and soil reaction, 
pH, and positive correlations were found between extractable Mn and 
organic matter.
The lowest total Cu content was found in soils from the Coastal 
Plain area. The distribution of total Cu in the profile was somewhat 
similar to that of total Zn, but was more uniformly distributed from 
horizon to horizon. Total Cu was more closely related to total Zn 
and Fe than to total Mn. Highly significant positive correlations 
were obtained between total Cu and DTPA-extractable Cu in the alluvial 
soils from the Red, Ouachita, and Mississippi Rivers areas.
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The DTPA-extractable Cu did not decrease with depth as much as 
did the extractable Zn, Fe, and Mn. The distribution of extractable 
Cu and Zn in the soil profile from the six soil areas were very 
similar. The DTPA-extractable Cu was more closely correlated with 
extractable Fe than with extractable Mn or soil reaction, pH. 
Extractable Cu was highly correlated with organic matter in five of the 
six soil areas. The only exception was in the Coastal Plain area.
On the basis of the results obtained in this investigation 
the following observations were drawn:
1. The DTPA-extractable Zn in the soil profiles decreased with 
increasing depth, but increased with organic matter content 
as shown in the surface Ap horizon where the organic 
matter content was highest in the profile. In most of the 
alluvial soils particularly those from the Ouachita and 
Mississippi Rivers areas, extractable Zn was closely 
associated with total Zn. There was also significant 
positive correlation between extractable Zn and organic 
matter.
2. The DTPA-extractable Fe in most of the soils was dependent 
on soil reaction, pH, moreso than on organic matter con­
tent or total Fe. There was a decrease in extractable
Fe with increase in soil reaction, pH.
3. The amount of Mn extracted by DTPA was relatively high 
in the surface Ap horizon of the profile. The two most 
important factors that were associated with extractable
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Mn were organic matter content and soil reaction, pH.
The soils with relatively low organic matter contents also 
contain relatively low contents of extractable Mn.
Positive correlation coefficients indicated that extract- 
able Mn was closely associated with organic matter. 
Significant negative correlation coefficients indicated 
that there was a decrease in extractable Mn with an 
increase in soil reaction, pH.
4. The DTPA-extractable Cu showed highly significant positive 
correlation with organic matter content in the soils from 
the Red, Ouachita, and Mississippi Rivers alluvial areas. 
Positive correlations were also observed between extract- 
able Cu and total Cu. In general, extractable Cu was not 
correlated with soil reaction, pH.
5. The data obtained from this investigation showed that 
total Fe and Mn were considerably higher than total Zn 
and Cu in the soils from the six areas. Although there 
were some variation in the distribution of the total 
micronutrient cations in the soil profiles, total Cu 
and Zn were more uniformly distributed from horizon to 
horizon than were Fe or Mn. The DTPA-extractable Zn,
Mn, and Cu in the soils were found to decrease with depth 
in the profile.
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